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CAPITALIt^TS,    OF   THE    UNITED   STATES    OF    AMERICA,    AKD    THE 
BRITI8H    COLONIES, 

The  first  edition  of  this  work  was  dedicated  to  you,  for 
whom  it  was  written  ;  and  I  now  take  renewed  pleiieure  in 
laying  this,  the  Second  Edition,  before  you,  with  the  hope  that 
it  will  obtain  equally  favorable  acceptiincep 

No  Bubiect  can  be  selected  where  a  leally  practical  l>ook  ia 
80  mneh  needed  as  in  the  varied  field  of  mining,  for  the  as- 
sistance of  those  who  may  not  be  edncated  in  the  noniennis 
manipulations  appertaining  thereto,  for  more  general  prac- 
tice of  the  several  trader  and  profeesioiifl  is  required  in  the 
^V^h'poient  of  mines  than  for  any  other  business. 

'  T'  nt  mirttakes  of  American  mining   have    been 

can  [ut  of  ordinary  prudence,  in  this  comparatively 

new  and  most  dilKcult  occupation;  more  particularly  by  com- 
mencing too  much  afresh,  and  inventing  wortlile^s  nmcliines 
and  procesi^es,  or  re-inventing  such  as  had  been  tried  in  older 
.countries  and  abandoned.     Instead  of  profiting  by  men  having 
the  experience  of  past  ages,  worth}-  legitimate  practicals  have  fl 
been  treated  with  indifference,  whilst  interloping  clean-fin-  ™ 
gered  theorists  have  been  unduly  favored,  wlio  having  dis- 
carded real  mining,  from  deficiency  of  skill  in  that  depart- 
ment, have  played  recklessly  with  new  ideas  cd'  metallurgy, 
or  worked  prematurely  where  insutfieient  mineral  exii^ted^ 
and  far  too  often  not  only  wasted  your  last  dollar,  but  in- 1 
flieted  on  mining  severe  retardation. 

It  may  be  loudly  reiterated  for  everlasting  advantage,  that 
reduction  works  should  not  precede^  but  suceecd,  the  discovery 
and  exposition  by  mining  of  sufficiently  rich  and  cxicnsive  rfe- 
posiis  of  mineral  for  jyoyitlre  realizaiion  of  profits.  If  you  have 
no  com  (or  mineral)  why  the  mill?  First  obtain  the  grain, 
thdo  grind  into  flour. 
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An  boDest  and  qualiiied  expert  should  hav^e  been  selected 
to  examine  and  advise,  when  iifter  the  reserves  of  mineral 
hiul  heen  exposed  and  proven  to  exist,  properly  timed  mid 
appi*opriate  reduction  %vork9,  wouhl  have  realised  profits  in- 
stead of  ruination. 

A  few  paget^  were  introduced  into  the  first  edition  to  des- 
crilie  and  exphiin  the  capabilities  of  tlie  ^*  Prospector's  Wee 
Pet'' — an  automatic  assaying  raaehine — and  because  of  its 
great  value  for  preliminary  test??!,  they  are  now  reprinted. 
This  apparatus  was  contrived  especially  for,  and  dedicated  to 
Explorers,  whom  I  admire  for  their  indoniitahle  energy,  self- 
sacrifice  and  bravery  more  than  any  otiier  class  en  staged  in 
the  industrial  pursuits;  but  it  wilt  also  ascertain  the  vaUie 
of  rock  with  suflicient  accuracy  for  all  the  practical  pur- 
poses—not strictly  commercial — throughout  the  departments 
of  mining  and  metallurgy. 

Having  a  knowledge  of  all  the  other  methods  for  assaying, 
and  their  comparative  uselessness  for  the  iuoutUmn  purposes 
of  tlie  novice,  and  even  for  the  professed  operator  when  trav- 
eling, or  camjiing  out,  I  luive  contrived  this  machine  as  the 
ever  ready  means  for  elevating  all  ordinary  men,  after  a 
few  hours  instruction,  wlien  aided  by  these  mechanical  tacili- 
ties  and  general  principles,  to  the  level  of  the  expert  by  any 
other  method  for  such  itinerant  purposes;  whilst  the  whole 
apparatus,  witii  tools,  fluxes,  calculating  strips,  weighing  and* 
calculating  lever,  weights,  etc.,  etc.,  are  packed  for  travel- 
ing within  a  cube  of  five  inches,  being  only  about  seven 
pounds  weight.  As  the  cost  for  making  an  assay  for 
gold,  silver,  copper  or  lead,  does  not  exceed  ten  cents,  such 
men  may  actually  make  thousands  of  assays  which  could  not 
be  otlierwise  alibrded  or  accomplished.  It  is  also  completely 
fitted  for  the  discrimination  of  minerals,  and  in  the  absence 
of  numerous  and  more  expensive  apparatus,  it  may  be  used 
for  all  the  purposes  of  analysis,  as  the  fusion  of  10  or  20 
grains  in  a  crucible,  with  or  without  fluxes;  for  roasting,  test 
tubing,  ignition  and  sublimation ;  or  to  dry,  evaporate,  boil, 
distill,  filter,  etc.  The  single  critic  who  found  tault  that  a 
few  pages  out  of  672  had  beeu  used  to  describe  this  useful 
machine,  because  it  was  the  invention  of  the  author,  gave  it 
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snperlative  praise  in  the  same  breath,  and  therefore  showed 
insufficient  reasison  for  excluding  Ma  advantages  from  the  world. 
The  original  intention  was  to  write  but  a  small  Prospectors' 
pocket  guide,  and  io  it  full  instructions  for  this  apparatus,  so 
that  sufficient  aid  should  accompany  thera  to  prevent  such 
disastrous  initial  mistakes  and  finiil  losses  ;  but  the  work  has 
been  extended  to  672  pages,  to  embrace  the  whole  field  of 
mining,  which  is  sufficiently  hazardous  at  best,  with  too 
many  blanks  tor  a  prize,  to  sustain  such  unnecessary  errors 
from  insufficient  examination.  A  retrospection  of  the  past 
will  show  that  hundreds  of  mills  have  been  erected,  as  enor- 
mously expensive  assaying  machines,  but  to  prove,  what 
should  have  been  then  known,  that  the  veins  were  either  in* 
sufficiently  developed  or  utterly  worthless. 
K  As  this  i-i  more  especially  written  for  a  companion  and  as- 
H  sistant  of  uneducated  practicals,  to  benefit  them  and  minings 
Hby  dealing  with  such  subjects  and  mineral  combinations  only 
^^B  will  require  their  attention,  the  stereotyped  phrases  of 
^^Woks,  are  not  repeated  here,  but  plain  terms  have  been  put 

I  forward  for  such  oien*s  "  living  present  **  requirements. 
Many  books  have  been  written  on  metalluriiry,  and  very 
few  on  mining,  which  are  but  theoretical,  confined  to  one 
subject,  or  more  of  a  general,  historically  interesting,  or  sta- 
tistical inipnrt,  than  of  practical  value  for  miners.     In  such 
works  little  has  been  said  of  the  peculiar  geology  of  mineral 
bearing  rocks,  or  of  the  indicative  features  of  mineralized 
sections,  less  of  the  underground  operations  of  mining,  and 
nothing  of  that  most  imperative  and  eHective  lever,  its  me- 
^    chanical  engineering,  either  above,  or  below,  the  surface, 
f        This  was  written  to  fill  tliese  blanks,  to  meet  the  require- 
ments of  new  countries,    and  therefore  in  many   instancea 

■  entirely  new  ground  has  been  trailed,  and  departments  ex- 
I  plained  which  have  not  been  previously  exposed  by  less  prac- 
I  tical  writei*s.     The  constant  aim  has  been  to  aid  practical 

■  mining  in  every  relevant  way,  so  that  only  the  few  really  nec- 
m    esuary  and  best  means,  methods,  machines,  and  processes, 

have  been  selected  ;  instead  of  giving  more  elaborate,  costly 
and  confusing  descriptions  of  all. 

The  geologictal  clmpters  are  somewhat  speculative  and  writ- 
ten more  for  the  miner,  who  should  understand  the  nature  of 
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rocks  and  pasitions  of  minerals,  tlian  for  conforuiity  witli  the 
older  writers  (or  what  is  termed  geological  accuracy),  eo  as  to 
give  more  geDeral  ideas  of  the  various  formations. 

Some  hard  criticisms  were  expected,  and  one  or  two  re- 
ceived, for  these  bold  innovations,  but  as  I  believed  in  their 
Bolid  basis  they  were  iirinted,  and  it  is  now  verj  gratifying 
to  see  that  exactly  similai*  fundamental  principles  to  my 
'^whimsical  ideas"  and  **  absurd  notions"  then  published, 
have  been  siuce  promulgated  by  Mr.  Robei't  Mallet,  F.  R.  S., 
the  celebrated  English  seisjiiotogist,  in  a  work  just  issued, 
which  have  been  more  approved  by  scientista  throughout  the 
world,  than  any  of  the  old  theories,*  | 

The  chapters  on  the  comportment  peculiarities  and  indi- 
cative features  of  mineral  veins,  are  derived  from  long  ob- 
aervation,  and  it  is  hoped  that  they  will  aflbrd  some  records  of 
value  to  the  amateur,  and  be  interesting  to  every  class  of 
thoughtful  minei^. 

The  section  on  exploration,  the  miner's  first  and  most  im- 
portant duty,  wdiich  governs  after  success  or  ruin,  has  been 
as  carefully  considered  and  safely  advised^ 

The  section  on  the  discrimination  and  assay  of  minerals 
has  been  kept  as  free  from  fornnilre  as  posgible,  and  it  not 
only  contains  the  best  of  the  old  modes,  but  many  novel  and 
more  available  methods  for  practical  men,  so  thut  when  the 
one  facility  is  absent,  another  will  be  found  present,  to  suit 
all  the  requirements  of  the  mine,  the  roasting  furnace,  the 
mill,  the  smelting  and  chloridation  works,  and  the  mountain ; 
whilst  in  that,  for  the  strictly  commercial  purpose,  the  more 
direct,  less  mystitied,  and  least  dangerous  means  and  fluxes 
have  been  selected. 

In  miniJig  and  engineering  the  best  plans  of  operation  and 
machines  have  been  extolled,  and  the  most  common  errors  of 
the  past  exposed  as  beacons  for  avoidance. 
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♦  Several  other  qaotaUons  might  hv^  giyen  in  support  of  Ihe  view  that  Mr. 
Mallet  hflB  been  anticipnted  by  Mr.  Phillips,  but  the  aboY6  will  suffice  to  Bhow 
thnt  the  theory  is  not  su  new  as  Mr*  MaUel  baa  euppoaed,— ifmin^  Jmtmal^  London* 

X  Many  other  passages  might  he  quoted  to  more  tully  establish  the  fact  of 
priority  (for  Mr*  Phillips)  ae  above,  in  aetting  forth  the  "  new  theory  '*  of  moon* 
tftio  formations,— if iiMwy  and  Scientific  Prtu^  San  J^anmcQ^ 
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In  the  metallurgy  of  this  volume  just  sufficient  has  been 
selected  from  the  most  valuable  and  best  established  pro- 
cesses for  rendering  the  ores  of  remote  countries  more  market- 
able, by  crushing,  pulverizing,  concentrating,  roasting,  mill- 
ing, smelting,  refining,  chloridizing  and  chemical  reductions. 

The  first  edition  was  written  in  eight  months,  during  busi- 
ness hours,  undermost  unfavorable  circumstances,  and  having 
been  printed  from  the  original  manuscript,  showed  signs  of 
haste  with  many  imperfections  of  language;  and  this  second 
edition  is  so  soon  required,  that  to  reduce  the  price  of  the 
book,  many  of  the  old  forms  of  type  have  been  retained. 

An  anpendix  has  been  added  giving  the  general  mining  laws 
of  the -United  States  of  America,  which  will  be  found  con- 
venient for  reference,  before  claims  are  located,  patented,  etc. 
It  also  contains  several  useful  tables  of  specific  gra\nties, 
weights  and  strengths  of  materials,  etc.,  etc.;  and  two  new 
amateur's  methods^  for  the  more  -eflfective  qualitative  analysis 
of  the  useful  minerals,  and  the  actual  assay  of  silver  ores,  or 
concentrated  gold  quartz,  by  the  ordinary  blowpipe. 

British  readers  will  excuse  certain  portions  which  only 
apply  to  this  country,  and  Americanisms  of  spelling. 

In  this  exposition  of  a  life's  experience,  my  constant  aim 
has  been  to  render  the  work  interesting  and  valuable  to  prac- 
tical men  and  capitalists,  and  if  at  times,  in  the  necessary 
enumeration  of  past  errors,  the  lash  should  be  individually 
felt,  it  was  not  thus  directed,  but  intended  for  the  general 
benefit  of  miners,  that  mining  proper  may  not  be  unjustly 
condemned,  but  have  fairer  show  for  success  in  the  future. 

Yours  respectfully, 
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CHAPTER    I. 


FORMATION  OP  THE  EARTH  PROM  ITS  INITIAL  CHAOTIC  STATE 
TO  THE  TIME  OP  THE  PARTIAL  ELEVATION  AND  SOLIDIFI- 
CATION OP   ITS   PRIMITIVE   GRANITE   MOUNTAINS. 

**In  the  bef^inning  God  created  the  Heaven  and  the  Earth. 
''And  the  earth  was  witboat  form  and  void/' 

OenetiSf  chap.  1,  verses  I,  2. 

As  a  work  on  mining  would  be  incomplete  without  some 
observations  on  the  component  parts,  general  features  and 
age  of  rocks,  three  chapters  have  been  introduced  to  describe 
the  primitive,  the  azoic,  and  paleozoic  formations. 

Theory  has  not  thus  far,  and  probably  never  will  be,  of 
much  direct  benefit  to  the  matter-of-fact  miner,  for  metallic 
minerals,  who  reads  the  more  tangible  indicative  records, 
whicli  are  unfolded  during  a  life's  experience,  by  shafts  and 
levels  of  exploration  in  his  individual  district,  of  mineral 
ground.  The  following  is  written  with  full  knowledge  of 
these  facts,  first,  for  his  amusement ;  and  secondly,  to  enable 
those  who  have  not  been  favored  by  a  long  experience  to 
know  what  is  meant  by  the  terms  so  frequently  alluded  to 
in  this  book — primitive  and  secondary  rock  formations  from 
primitive  elements,  prior  to  the  fossiliferous  mud  stratifications 
of  after  times,  which  contain  but  comparatively  few  of  the 
minerals  in  sufficient  quantities  to  pay  the  costs  of  mining. 

The  theory  advocated  by  Laplace,  that  all  matter  was  once 
in  a  gaseous  state,  would  infer  high  temperature  and  free- 
dom from  pressure,  with  the  presence  of  some  other  con- 
trolling power,  unknown  to  science,'  to  puet entjthe  general 
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solidification  into  but  one  central  mass,  inBtead  of  the  innu- 
merable spheres  wliieh  paitake  of  as  many  self-rotations  and 
orbituat  motions,,  as  accompanied  by  their  satellites,  they 
traverse  through  tte  various  portions  of  space. 

It  will  be  more  than  soffleient  for  our  purpose  to  receive 
it  irom  the  Creator,  as  hurled  from  the  sun  or  other  source,! 
a  ponderable  nucleus,  enclosed  by  its  adhering  molten  en- 
velope, and  suiTounded  by  the  nebulae  and  gaiseous  ele- 
ments which  were  collected  and  retained  by  gravitation,  when 
being  tangential ly  projected,  to  traverse  in  an  annual  orbit 
around  the  sun,  at  a  distance  governed  by  its  speed,  etc*, 
whilst  it  would  continue  to  revolve  around  its  own  axiR,  aa  it 
did  when  it  was  first  projected:  other  charges  may  have  suc- 
ceeded from  similar  causes,  that  paii:akingof  corresponding 
direction  and  force  would  arrive  within  the  aniiubir  track, 
and  be  attracted  by  the  larger  body  already  performing  its 
destined  course,  which  would  aggregate— by  the  retardation 
and  acceleration  of  the  anterior  and  posterior  particles  of  this 
nebulous  ring — -into  a  contn)ually  increasing  mass. 

After  billions  of  cycles  had  ptissed  away,  wlicn  the  lighter 
gmnitic  exterior  of  the  earth  became  from  molten  to  plastic 
and  pai-tialty  solid  condition,  we  will  consider  what  actions 
must  have  taken  place  in  relerenee  to  the  general  coutrao- 
tions  that  produced  the  irregular  contour  of  surface  and  sub- 
terranean cavities.  Previous  to  this  it  may  be  safely  sup* 
posed  that  the  surface  of  the  earth  was  a  regular  and  com- 
paratively smooth  globe,  eurcharged  and  enclosed  with  oxy- 
gen, hydrogen,  and  the  other  inflammable  gases  or  substancesi 
and  being  largely  fluxed  with  potash,  soda,  lithia,  lime,  mag- 
nesia, sulphur,  iron  and  manganese,  it  must  have  possessed  a 
I  well  fused  molten  envelope  of  granitic  slag  and  surface  dross, 

^^m  Until  this  settled  almost  to  solid  rock,  it  would  be  drawn  by 
^^^  contraction  and  gravitation  directly  downwards  in  close  con- 
I  tact  to  the  still  molten  interior,  but  at  a  certain  stage  of  solidi- 

I  fication,  because  it  naturally  contracted  less  in  cooling  thaa 

B  the  next  interior,  hotter  mass,  this  vertical  action  of  the  outer 

^^^H  crust  would  almost  cease,  when  the  contraction  of  the  molten 
^^B  interior  being  further  accelerated  by  the  evulsion  of  gaseous 
^^H  elements  from  the  molten  state,  immensely  extensive  subter- 
^^V       raneous  cavities  .would  be  formed  under  the  superimposed 

^^^    : 
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pTierical  segment  of  granitic  crust;  which  then  partaking  of  ^ 
lateral  thrust,  from  solidity,  the  abutments  of  these  vast 
arches  would  give  way,  under  the  increased  presgure,  and 
consequently  more  plastic  condition,  and  the  mountains  would 
be  forced  upvvanis  at  the  lines  of  greatest  pressure,  where  the 
endurance  of  the  rock  was  exceeded;  or  valleys  and  extensive 
plains  sink,  by  mere  straightening,  as  the  ocean  beds,  to  rest 
at  certain  places  upon  the  interior  until  a  repetition  ensued. 

After  the  period  of  the  first  distortion,  the  portions  form- 
ing the  present  ocean  beds,  having  commenced  deviation  from 
spheroidal  form,  would  continue  to  approach  straight  lines  or 
planes  from  contraction  alone,  and  the  enormous  weignt  of 
Buch  portions  of  crust  as  the  Pacific,  Atlantic,  and  Indian 
Ocean  beds,  by  acting  transversely,  with  irresistible  power, 
being  spheroidal  and  solid,  eoiild  do  no  less  than  create  more 
mountains  in  a  similar  maimer,  for  side  room,  and  from  cen- 
tral contraction  and  weight,  cause  the  Bimultaneoufi  depres- 
sion of  plains.  This  principle  of  force  seems  substantiated 
by  the  facts  that  the  highest  mountains  form  the  borderings 
to  the  widest  oceans  all  over  the  world,  and  the  average 
heights  opposite  each  ocean  appear  to  bear  corresponding 
ratios  thereto. 

In  later  times,  towards  the  end  of  the  second,  and  on  to 
the  middle  of  the  third  chapter,  the  principles  of  downward i 
action  of  gases  and  liquids  and  trunsferreneo  of  sensible  heat 
of  steam  into  the  latent  heat  of  water,  would  by  this  disap- 
pearance of  sensible  heat,  greatly  assist  to  weigh  and  cool 
down  these  unsupported  solid  pt^rtiona,  and  still  continue  to 
straighten  the  bottom  from  a  Kphcroidal  form  towards  that 
of  a  plane;  whilst  the  mountains  would  not  be  thua  refrig- 
erated, and  from  their  insignificant,  ctmiparative  areas  and 
weights  they  would  be  retarded  in  downward  travel.  If  tlie 
ocean  beds  merely  sunk  but  one  hundred  yards,  the  whole 
of  the  lower  portions  of  the  paleozoic  formations  of  the  con- 
tinents would  apj>ear  as  now.  These  etlects  muy  apply  to 
deeper  strata  in  the  interior  of  tlie  earth,  so  far  as  contractive 
pressure  and  temperature  are  concerned ;  and  as  the  earth 
continued  its  cooling,  other  internal  hollow  globes  or  spheri- 
cal sections  would  in  tike  manner  be  forming  from  plastic  to 
eolid  states^  which  when  compressing  laterally  as  described 
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crumpling  ot  siiitaee  mountamB,  the  portions  wliere 
internal  mountains  were  forming  would  bo  crumbled  and 
suddenly  forced  upwards  under  the  outer  shell,  whilst  the 
adjoining  still  solid  ^^eetions  would  liy  consequent  eireunifer- 
eutial  motion  then  rub  violently  ai^ain^t  the  interior  of  the 
stable  colder  outer  fihell,  and  produce  such  rnotiona  as  earth- 
quakes, a  greater  degree  of  heat,  and  force  the  pent  np  mol- 
ten matter  and  gaseous  elements  release  through  siirfiice  vol- 
canoes. Whether  this  be  a  true  or  false  theory,  it  is  a  tact 
that  granite  slmnksmuch  less  than  most  other  materials,  and 
as  all  varieties  of  matter  contract  differently,  as  a  rule,  the 
heaviest  the  most,  it  follows  that  the  solid  portions  of  the 
interior  must  frequently  have  very  large  caverns,  more  par- 
ticularly under  the  outer  crust;  and  where  the  molten  state 
commences,  the  oxides  or  chlorides,  etc.,  of  the  metals  may 
intervene  in  immense  horizontal  chambers,* 

This  removes  the  difficulty  of  finding  materials  of  suitable 
weight  to  equal  the  calculated  areratje  specific  gravity  that 
the  earth  sliould  possess,  and  will  serve  for  reterence  to  ex- 
plain many  things  which  will  be  considered  in  the  chapter  on 
the  formation  of  mineral  veins,  etc. 

If  it  be  admitted  tliat  cooling  commenced  al  the  surface,  from 
radiation^  or  transfeirenee  of  sensibk  heat  into  latent  ijisensibfe 
fonns^  by  chemical  compogltions  of  gaseous  elements  into 
liquid  and  solid  forms,  or  from  any  other  causes,  it  must  fol- 
low that  this  theory  of  contraction  is  true  ;  for  ailer  the  sur- 
face became  sufficiently  cold  tor  solidification  and  cessation 
of  shrinkage  it  would  be  absurd  to  say  that  an  interior 
molten  globe,  of  nearly  8,000  miles  in  diameter^  would  cease 
to  contract  within  the  more  fully  contmcted  and  colder,  solid 
shell,  tlie  more  so  because  of  the  continual  evulsions  of  gaseous 
elements  through  volcanoes,  from  decomposition  of  the  fluids 
of  the  interior. 

It  now  becomes  my  interesting  and  important  duty  to  no^ 

*  The  roofs  of  ihcse  extensive  chambf^rs  nrc  not  likely  to  be  of  regular  furm 
btit  are  j^robiiblj  very  slftlaciHk^  hoviiig  lurge,  tienle  iingleii  itiverted  hills, 
which  being  occasioiniUy  Btrurk  on  their  different  Hlopcs  by  the  disrharj^fcd 
mtUter  from  the  suhiermneaD  volcunoeSi  Uescnbed  in  Chajtter  l\%  on  earths 
tjiinke?,  they  would  not  only  aHord  the  means  of  propngating  tbo  wavch  ia  dii^ 
firent  direelionSj  a«(  governed  by  the  side  smitten^  but  vary  the  effects,  and 
produce  much  jjrcater  disluibance  at  the  surfflce. 
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tice  the  pecaliarities  and  component  parts  of  the  various 
granitic  rocks,  herein  denominated,  for  the  miner's  purpose, 
primitive  formations. 

True  granite  is  composed  of  quartz,  feldspar  and  mica;  the 
feldspar  and  mica  are  disseminated  as  separate  crystals  in  the 
quartz  (which  latter  but  fills  the  intervening  space,)  to  form 
a  ver\-  regularly  speckled  roc*k,  so  differing  from  all  others  of 
a  sedimentary  or  artificial  nature  that  it  must  have  been  firt>t 
fused  with  soda  or  potash  to  a  iluid,  and  the  feldspar  and 
mica  have  then  aggregated  and  crystallized,  under  the  suc- 
ceeding appropriate  affinities,  which  were  eliminated  at 
certain  suitable  temperatures  during  the  slow  refrisfcration 
of  the  globe,  whilst  the  surplus  silicic  acid  solidified  to  fill 
the  remaining  irregularly  formed  interstices. 

On  referring  to  the  Elementary  Treatise  on  Mineralogy  by 
William  Phillips,  to  whom  I  am  indebted  for  many  other 
compositions  of  the  minerals,  as  analyzed  by  renowned 
chemists,  I  find  that  quartz  (othenvise  called  silica,  silicic 
acid,  and  oxide  of  silicium)  is  composed  of  oxygen  51.05  and 
silicium  48.05  ;  feldspar,  from  a  comparatively  pure  speci- 
men, analyzed  by  Berthier,  C4.2  of  silica,  10.95  of  |»otash,  and 
18.4  of  alumina  ;  the  most  simple  specimen  of  mica  that  has 
been  recorded  is  that  from  Brunswick,  Maine,  analyzed  by 
Thompson,  which  was  composed  of  64.44  of  silica,  2><.84 
alumina,  4.4  protoxide  of  iron,  and  1  of  water.  These  con- 
stitute granite  proper,  with  the  three  imperative  ingredients 
comparatively  pure ;  but  there  are  several  species  of  variously 
colored  and  constituted  granitic  rocks,  that  are  also  primitive 
when  viewed  from  the  miners  standpoint,  which  have  not 
only  slightly  different  arrangement  of  parts,  but  partake  uf  a 
great  variety  of  chemical  as  well  as  chance  mixtures.  See 
chapter  on  the  alphabetically  arranged  list  of  minerals,  for 
better  recognition  of  component  parts,  and  to  the  following 
quotation  from  Dana,  for  descriptions  of  the  granites: 

GBAXITE. — sYEXITI. 

*-' Granite  coQsisU  of  the  ihr*e  miner.*!',  'yiir.i.  fellsjrtr.  an^i  mica.  It  has  a 
CTTitanioe  grAnolir  §tractare.  and  u-u-tl-y  a  >frjr>lj-white.  ^rar.  or  fl--h-re'l 
color,  the  shade  rarrin^  with  ib«r  col  jr  of  tht  ron-tifie&i  minentl-.  W::#-n  it 
coataiDS  hombleode  in  place  of  mi-  i.  it  :*  *  a"!*.- i  ^y^n**' :  honiMfrP.-i':  r«-'»rrij*ile« 
mica  in  these  rocks,  b:il  the  Umin*  -epirate  sij'  h  je?-  ea-:!y.  and  ire  '^r'fir. 

Gr&oite  is  said  to  be  mir3^A.oH».  ftUltp'itkif..  y*z  qwjruote.wccorAiag  ^s  tLt  mtr^. 
fddipar^  or  qumru  predominates. 
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It  is  ciilkd  porphifrUie  g^mnile,  wbeu  the  feldspar  Is  \n  Inrge  cryBtalg,  <md  ftp* 
pears  oTcr  a  worn  surfAciiliketbkkly  ecaUvred  wbUe  b lotc he i,  often  rcctatigular 
in  ah  ape* 

Ontphic  g^mnite  faae  an  appftar&nce  of  am  all  orieylal  chBraclcra  over  the  mr- 
fdce,  owing  to  the  angular  arrjingement  of  the  c^itartst  m  the  feldspar,  or  of  the 
feldad&r  in  tne  quartz. 

Wbeti  the  mica  of  the  granite  la  wanting^  it  ia  then  a  granalar  mixtote  of 
feldspar  and  quartz,  called  gtanuUtt  or  lepttfnite. 

When  the  feldspar  la  replaced  hy  albite  it  ia  called  alhite  granite.  The  albite 
la  oanally  while,  but  otberwiso  resembles  feldspar.  When  replaced  by  talc,  it 
ii  called /7rofoyifi<?» 

Duitite  ifl  a  rock  of  the  granitic  series^  conaiatiog  of  hornblende  and  feld|ipar« 
Color  dark  green  or  greeaiBb-hlack.     Crjratalline  textnrc  distinct* 


Qnciss  bas  the  same  consthotion  as  granite,  hut  the  mica  ia  more  in  layers, 
and  the  rock  has  therefore  a  atratitied  appearance.'^ 

For  fiii'ther  illustration,  one  or  all  may  cootaiii  oxide  of 
iron,  or  manganese,  whilst  the  feltUpare  of  different  varieties 
often  contaii),  in  addition  to  silica,  potash  and  alumina,  also 
Boda,  litliia,  magnesia,  lime^  oxides  of  raanganeae  and  iron; 
and  mica,  in  addition  to  silica  and  alumina,  the  oxides  of 
iron  and  manganese^  potash,  soda,  lithia,  lime,  fluoric  acid, 
and  water. 

They  appear,  therefore,  in  their  more  simple  and  impera- 
tive forms,  as  silicates  of  alumina;  the  oxides  of  iron  and 
manganese  being  present,  from  their  universal  prevalence  in 
nature  rather  than  a  chemical  necessity  for  their  constitu- 
tions ;  they  have,  however,  considerable  coloring  properties, 
whilst  the  others  are  indifferent  mixtures,  happening  to  be 
present  in  such  localities  during  fusion,  977  thousandths  ot 
the  rocks  are  composed  of  oxygen,  silicon,  aluminium,  po- 
tassium, sodium,  lithium,  calcium,  magnesium,  iron,  manga- 
nese, and  carbon.  Primitive  rocks  contain  all  but  the  last, 
which  fire  exi>elled,  and  which,  with  hydrogen,  chlorine, 
fluorine,  nitrogen,  sulphur,  boron,  and  barium,  almost  com- 
plete the  after  rock  formations. 

The  constitution  of  these  various  granitic  rocks  expose 
seven  exceedingly  interesting  and  strikingly  remarkable 
features. 

First    The  eaorraous  quantity  of  this  kind  of  formation* 
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Secondly.  The  amazing  amount  of  solid  fixed  oxygen  in 
the  silica,  and  silicates,  constituting  nearly  half  the  weight. 

Thirdly.  The  oxygen  is  separately  combined,  in  direct  or 
acid  forme,  with  all  these  minerals. 

Fourthly.     Oxygen  and  metallic  minerals  are  alone  present. 

Fifthly.  These  minerals  are  all  very  difficult  to  be  reduced 
to  the  metallic  state. 

Sixthly.  The  very  lightest  metallic  elements  are  those 
contained  in  such  surface  rocks. 

Seventhly.  The  absence  of  all  volatile  carbonates,  chlo- 
rides and  sulphates  of  lime,  magnesia,  etc.,  etc. 

These,  combined  with  the  following  facts,  substantiate  at 
least  the  igneous  origin  of  this  Earth,  which  partakes  of  the 
exact  mathematically  calculated  shape  that  a  fluid  of  its  spe. 
cific  gravity  and  size  would  have  assumed,  when  rotated  at 
the  same  speed  (7,926  miles  equatorial  and  78&9.507  miles 
of  polar  diameter),  and  that  the  temperature  increases  below 
the  depth  of  the  sun's  influence,  at  the  minimum  rate  of  1** 
for  eveiy  60  feet  deeper  throughout  the  whole  world,  which 
collectively  afford  incontrovertible  proofs  that  fire  was  the 
mighty  subservient  power  used  by  the  Creator  to  shape  our 
terrestial  globe. 

These  are  the  local  proofs. 

To  ignore  the  sublime  agency  of  fire  in  the  initial  casting 
of  the  innumerable  worlds  of  the  vast  universe,  we  must  dis- 
believe and  despise  all  the  facts  that  are  derived  from  observa. 
tion,  both  here  and  in  space;  for  chemistry,  the  eye,  the  tele- 
scope, and  the  spectrum,  unfold  continual  proofs  that  innu- 
merable spheres  are  not  only  now  in  combustion,  but  burning 
exactly  similar  elements  to  those  of  the  earth,  where  water 
itself  must  have  been  thus  formed,  and  the  primitive  rocks 
reveal  and  confirm  the  effects  of  fire. 

In  connection  with  this  theory  it  is  difficult  to  understand 
why  the  gases,  which  are  all  so  light,  are  immediately  present 
with  the  much  heavier  molten  or  solid  mass,  for  the  con- 
tinuation of  combustion;  and  it  appears  from  necessity  that 
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all  the  gases  nriist  have  the  property  of  becommg  liquiil  or 
solifl  under  extreme  pressure,  and  may  have  lain  in  that 
original  condition,  and  Imrsted  foitli  as  the  pressure  Ls  by 
any  means  reniovod.  It  can  be  proven  to  be  so  in  some 
instaoces,  even  under  the  moderate  means  we  can  command^ 
whilst  to  reverse  the  action  all  the  solids  and  iliiids  can  be 
volatilized. 

A  good  illostratiou  of  this  may  be  seen  in  mercury,  for 
under  a  slight  advance  of  the  temperature  of  our  atmosphere 
it  would  have  been  volatilized  from  its  metallic  states  of 
fluidity  and  solidity  ami  be  concealed  for  ever.  H 

If  these  mcks  were  thus  formed  at  high  temperatures, 
amazing  qnantities  of  their  olement^a  must  have  been  at  some 
period  existing  in  a  volatile  condition,  and  if  so  the  whole 
globe  would  have  been  surrounded  by  this  very  high,  and 
consequently  euormonsly  heavy,  ehi&tic  atmosphere  of  such, 
and  the  question  arises  whether  the  speckled  crystallized  in- 
gredients of  such  rocks  may  not  have  been  actually  formed 
when  these  free  elements  were  thus  supported  in  this  elastic 
medium,  and  gradually  settled  into  their  bed  of  silicic  acid,  just 
in  similar  manner  to  the  snow  of  our  much  Hghter  atmosphere.  ■ 
The  bed  rocks  being  formed  under  their  natural  chemical 
affinities  as  the  pressure  and  temperature  decreased  during 
exceedingly  slow  cooling;  the  snow  by  cold  alone,  whilst  the 
principle  of  support  applied  alike  to  both.  ■ 

During  these  formations,  the  earth's  crust  or  hollow  shell 
would  continue  to  be  violently  compressed  in  circumferential 
directions,  and  being  solid  it  would,  from  its  own  gravitation,  ■ 
as  it  endeavored  to  follow  the  still  faster  contracting  interior, 
crumple  and  distort  certain  sections  of  least  resistance  into 
extensive  ocean  beds,  with  compiarative  elevations  of  rolling 
suriace  contour  of  hill  and  dale. 

In  such  a  state  of  homogeneity  or  equality,  the  partial  in- 
vasion of  volcanic  tires  had  not  at  this  early  period  reaU(/ 
upli/kd  any  mountains;  but  their  apparent  elevations  existed 
more  from  the  above  causes,  and  a  difference  of  subsidence 
or  loitering  behind  of  such  portions,  during  the  qenerai  travel^ 
when  urged  by  contraction  and  gravitation  toieards  the  center 
of  the  earth. 
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To  make  the  preceding  principle  of  action  still  more  intel- 
ligible it  may  be  supposed  that  the  whole  exterior  solid  and 
colder  shell  of  the  earth  has  been  continually  urged  down- 
wards by  its  own  unsupported  weight,  after  the  hotter  and 
faster  contracting  interior,  and  therefore  when  any  large  sub- 
terranean space  has  been  vacated,  that  portion  which  lies 
above  will  endeavor  to  weigh  down,  or  settle  thereon,  and  as 
soon  as  this  sufficient  hollow  area  creates  an  ample  power 
from  gravitation  to  crush  the  necessary  side  room,  by  thick- 
ening that  particular  part  of  the  adjoining  surface  into  moun- 
tains, this  immensely  heavy  dome  of  crust  being  thus  released 
will  be  thereby  allowed  to  force  its  way  and  shift  down  upon 
its  underlying  region.  It  is  not  plausible  to  suppose  that 
the  whole  crust  has  at  any  time  descended  in  the  one  oper- 
ation, so  that  these  hollows  of  power  have  acted  everywhere 
sepanitely  at  one  time  or  other,  and  caused  innumerable  and 
most  irregular  settlings  both  of  mountains  and  ocean  beds ; 
but  the  latter  having  been  forwarded  at  tlie  commencement 
have  generally  kept  a  leading  position  since. 

This  lateral  crushing  is  imperative,  for  unless  the  size  of 
the  shell  is  reduced  to  that  of  its  enclosed  faster  contracting 
contents,  it  cannot  fall  to  rest  thereon. 

At  this  stage  of  the  creation  the  whole  surface  would  be 
more  or  less  covered  with  the  deep  oxidized  dross  from  a 
world's  fusion,  which  would  be  largely  composed  of  soluble 
soda,  lime,  magnesia,  etc.,  and  all  other  substances  that  were 
either  in  excess  or  lacked  the  necessary  affinity  for  uniting 
with  other  constituents  which  formed  the  solid  primitioe 
mountains,  and  *' bottom ''  of  granitic  ^^bed  rooks.'' 

This  would  be  encompassed  by  a  ponderous  mixed  atmos- 
phere, composed  of  all  the  vapors  and  gases  that  lire  could 
create,  volatilize,  or  release,  and  which  were  in  excess  or 
unnecessary  for  the  compositions  of  these  primitive  corruga- 
tions of  the  "bottom  rock."* 


♦  In  faToring  these  theories  for  primitive  formations,  I  would  not  be  misun- 
derstood by  religious  people  ;  as  I  am  neither  atheist  nor  infidel ;  the  sequence  of 
creation  as  described  in  the  first  chapter  of  Genesis^  conforms  in  general  terms, 
60  wonderfully  close  with  scientific  opinions,  that  the  length  of  days  is  the  only 
apparent  absurdity,  and  this  expression  must  have  been  merely  figurative. 
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CHAPTER  II- 


FORMATION   OP  THE   FIBST   CLAY    SLATES,    GREENSTONES,   QTTARTZ- 
ITES,    HOUNBLENDIC,   AND  FINE    GRAI^^ED    FELDSPATniC    MIX- 
TURES,   ETC.,    FROM    PRIMITIVE   ROCK   ELEMENTS, 

*^Ahid  darkness  w«.b  upoo  the  face  of  thp  deep.'* 

Genauj  chap.  1,  verse  2, 

Here  oomnicncea  an  eon  of  the  greatest  possible  confusion, 
when  probably  all  the  known  gases  and  vapors  that  the 
chemical  agency  of  tire  could  prothice,  from  the  but  recently 
fused  c^lobe,  exiBtedas  a  volnminouB,  mixed,  heavy,  and  dark 
atmospheric  envelope,  over  the  incrustations  of  partially 
soluble  dross,  that  covered  the  surface  of  the  refrigeratiDg, 
but  still,  red  hot,  earth. 

Under  such  conditions,  who  can  say  what  changes  might 
not  have  been  produced  from  this  time  until  water  ceased  to 
boil,  under  the  atmospheric  pressure  ?  The  various  crystal- 
line rock  formations,  and  the  apparently  extraordinary  eroda- 
Itions  of  the  general  surface  contour,  would  have  been  speedily 
accomplished,  and  many    thing:^,   now  unnatural,  realized. 

These  principles  of  pressure  and  heat  have  not  been  suffi- 
ciently studied  or  experimented  on  by  geologists;  aUhongh 
they  favor  the  molten  and  refrigeration  theory,  and  conse- 
quently admit  that  such  degrees  of  heat  then  existed,  they 
and  ehemiwts,  have  neglected  to  examine  what  ertects  can  be 
chemically  produced  by  the  gases,  or  the  alkaline  and  alka- 
line earth  solutions,  under  conditions  that  ranst  have  existed 
during  this  most  puzzling  period. 

Water,  in  vapor  and  liquid,  has  exerted  more  controlling 
influence,  and  wrought  more  variously  in  dissolving,  decom- 
posing, disintegrating  and  modifying  the  earth's  sujface,  than 
all  other  vapors,  gases,  and  liquids  combined;  and  should, 
therefore,  be  more  elaborately  considered  in  reference  to  its 
peculiar  characteristics* 

It  appears  to  have  been  the  most  astounding  conception  of 
the  Creator,  an  especial  and  universally  pre-arranged  pro- 
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Visional  means  for  accomplishing,  uniting,  and  sustaining  all 
the  neeeasary  creations  that  were  intended  to  be  accom- 
plidhed  throughout  organic  and  inorganic  nature. 

Without  water,  nothing  couhi  have  been  formed,  nothing 
eupported,  or  continued  ;  it  U  not  only  a  necessity  for  all 
creations  and  stages  of  animal  and  vegetable  life,  but  aldo  of 
inorganic  crystallizations  and  constitutional  forms.  It  would 
require  volumes  even  to  name  the  substances  with  which  it 
is  associated,  and  its  many  pecaliarities;  but  the  followiug 
may  be  profitably  remembered. 

Water  is  formed  when  hydrogen  is  kindled,  either  with 
flame  or  electric  spark,  in  presence  of  free  oxygen.  It  is 
colorless,  tastelesg,  and  inodorous.  It  does  not  change  its 
state  under  ordinary  circurasitauceBj  when  free  from  foreign 
matten  in  any  way,  during  any  length  of  time.  It  is  inde- 
structible, and  is  not,  so  far  as  yet  ascertained,  within  moder- 
ate deg**ees,  chemically  decomposed  by  heat — for,  although 
entirely  vaporized,  it  returns,  on  cooling,  to  the  liquid  state, 
aa  before,  ad  injimtmn.  It  cr^mbines  in  various  forms  ot  basic, 
dydratic,  and  saline  water,  as  well  as  that  of  cry sUd Fixation, 
with  more  elements  than  any  other  known  liquid.  It  is  per- 
fectly neutral,  possessing  neither  acid  nor  basic  properties, 
yet  unites  with  both,  and  increases  their  chemical  activity. 
It  also  combines  with  neutral  salts,  in  two  conditions  of  crys- 
tallization. 

Although  it  possesses  neither  acid  nor  alkaline  strength, 
more  substances  are  aoluMe  (hcmn  than  in  any  other  liquid  ; 
which  can  be  again  separated  by  mere  evaporation.  The 
eolvent  power  of  water  on  solids  is  gcnerallj/  increasiui  by 
heat — lime  being  one  of  the  exceptions,  where  it  is  decreased. 
At  the  ordinary  temperatures  experimented  on,  nuignesia  is 
insoluble  in  water,  aithoogh  at  higher  degrees  it  may  nut  be 
«o.  Heat  diminishes  the  solvent  power  of  water  for  gases, 
but  increased  pressure  would,  to  a  considerable  extent,  coun- 
teract this,  and  in  some  cases  reduce  gases  to  liquids,  that 
would  act  difterently.  It  partakes  of  the  property  of  evapor- 
ating at  ordinary  temperatures  into  clouds  that  are  sufficiently 
heavy  to  float  as  vapor  in  raid  air,  whicli  by  aggregation  de* 
Bcend  aB  rain,  in  wonderfully  well  regulated  quantities.  It 
IS  the  only  Hqnid  that  varies  from  the  general  law  of  expan. 
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Bion  by  licat,  mid  contraction  by  cold ;  as  it  continues  to 
tract  down  to  39'^  Falirciiheit  Jind  tbt'n  to  expand  again  as 
temperature  decreases  to  the  freezing  point  of  32*^.  Were 
this  not  thus  so,  the  ocean  would  become  one  mass  of  ice 
from  equator  to  pole,  as  the  ice  from  each  freezing  would 
continue  to  sink  to  the  hottom,  until  the  whole  mass  was 
solid,  when  the  sun,  actinj^  but  on  the  er^uatorial  surface, 
w^ould  [in.-^se-^s  but  little  power  to  thaw  such  a  tremendous 
bulk,  and  the  cold  become  so  general  that  rairn  would  bo 
frozen  into  snows  or  hail  stones,  and  all  organic  nature*  perisli^ — 
which  is  in  itself  an  unmistakable  Almitj^hty  provision  for  our 
safety.  It  is  surticiently  baoyant^  that  land  animals  falling 
therein,  may  by  proper  exertion,  save  their  livea.  It  is  alsofl 
of  very  suitable  floatability  and  density  for  the  ships  of  man, 
which  he  is  enabled  by  skill  to  frame  and  build,  but  just 
strong  enough  to  barely  resist  its  momentous  eflects.  Water 
bulla  at  a  degree  but  just  sufficient  to  cook  our  food;  and 
freezes  at  a  point  that  docs  not  seriously  interfere  with  our 
comfort  or  general  operations.  It  is  the  only  liquid  that 
would  suit  the  genera]  requirements  of  the  house,  the  chemist, 
miner^  miller,  and  cngineerj  even  if  others  existed  in  sufficient 
quantity.  It  is  clean,  clear,  non-glutinous,  is  the  exactly  re- 
quisite specific  gravity,  and  can  be  filtered,  evaporated  off, 
or  condensed  at  pleasure.  It  contains  considerably  mom 
latent  heaf  than  wtt/  oiher  liquid. 

When  w^'iter  is  boiled  in  a  close  vessel  over  sufficient  heat, 
the  first  temperature  of  the  boiling  point,  in  a  vacuum  uuder 
no  pressure,  is  but  67  degrees,  or  85°  above  that  of  freezing*} 
but  as  the  pressure  is  increased  by  tiie  formation  of  steam  or 
by  any  other  means  over  the  liquid,  the  temperature  of  the 
boiling  point  also  increases  with  a  comparative  ratio,  andJ 
the  [»ressure  being  known,  the  temperature  (which  it  invari 
ably  governs)  may  be  calcuhited  therefrom,  or  eke  r^ersa. 

The  boiling  point,  under  but  one  atmosphere's  pressure, 
equals,  at  the  sea  level,  212^;  that  is,  180°  above  the  freezing 
point  of  ?i2°.     The  latent  beat  of  w^ater  and  steam  is  esti- _ 
mated  at  1000^  at  the  atmospheric  pressure.     The  sums  oM 
latent  and  sensible  heats  of  water  are  always  equal  to  1180*^ 
in  a  vacuum,   under   atmospheric    or  any  other  increased. 
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pressure,  up  to  the  limit  of  elasticity  of  steam;  where  all 
that  is  possible  of  the  latent  heat  has  been  expelled  into 
sensible  form. 

M.  M.  Dulong  and  Arago,  under  a  commission  from  the 
French  Academy,  have  demonstrated,  by  actual  experiments 
made,  under  pressures  varying  from  1  to  60  atmospheres,  that 
the  pressures  and  temperatures  range  as  follows:  Taking 
for  our  purpose  the  intermediate  figures  which  stand  opposite 
every  advance  of  5  atmospheres,  and  starting  from  the  boil- 
ing point  in  vacuum,  it  reads  thus: 

Boiling  point  in  vacaum  under  a  pressure  of  0  atmosphere 67® 

«  "  **  "  "  5  atmospheres, 3Q7.50 

««  "  "  "  "  10             "             358.28» 

«  "  «<  "  "  15             '*            „ 392.46» 

«  "  «*  "  "  20             <*             418.46® 

»»  «»  «<  "  "  25              "             439.34® 

««  w  «  "  "  30             **             457.16® 

"  "  «  ««  "  35             »*             472.73® 

"  "  "  "  "  40             "             486,50® 

"  <«  "  "  "  45             **             409.14® 

"  «  "  "  "  50             **             510.60® 

So  far  we  have  thus  well  established  these  practical  steps 
n  a  series  commencing  with  the  sums  of  67°  sensible  heat 
and  1113°  of  latent  heat,  which  =1180°,  and  ending  with  the 
msibk  heat  of  510.6°,  and  but  669.4°  latent  heat,  thus 
created  by  heat  under  50  atmospheres  of  pressure,  or  about 
750  Bbs.  per  square  inch,  and  ending  God  only  knows  where. 

Now  we  will  consider  what  effect  this  principle  must  have 
exerted  on  the  earlier  surface  formations  of  our  globe,  when 
this  vapor  of  water  was  mixed  with  all  the  other  gases  that 
^ere  simultaneously  created  by  fire.  First,  it  is  thus  shown 
that  a  sufficient  amount  of  pressure  and  heat  will  increase 
the  sensible  heat  of  water,  so  as  to  not  only  render  many 
things  very  much  more  soluble,  but  to  actually  melt,  at  least 
some,  of  the  metals.  That  such  states  of  transient  pressure 
and  heat  existed  at  a  certain  period,  cannot  be  denied  by 
those  who  admit  the  theory  of  primitive  heat  formations,  as 
all  must  have  passed  through  these  degrees  from  that  of 
fusion  to  the  present. 

As  water  possesses  so  many  other  peculiarities,  may  it  not 
have  the  additional  intentional  provision  of  becoming  again 


30 


THE  EXPLORBRS*,  MINERS'  AND 


liquid,  or  be  rediieed  to  hydrogen,  under  certain  pressure  at 
heatj  thereby  atiurding  the  nucleus  of  central  fuel  for  the 
formation  of  worlds,  and  their  elemeatury  surface  compounds^ 
when  and  where  required,  as  the  pressure  is  removed,  at  the 
proper  degree  of  temperature,  and  ignition  or  oxidation  of 
this,  thus  formed,  metallic  hydrogen  ensues.  ■ 

It  may  be  possible  that  the  vapor  again  liquifies  or  solid!-" 
fies,  after  losing  all  its  latent  heat,  under  sutticieiit  pressure; 
and  on  the  release  of  pressure  the  elements  of  hydrogen  and 
oxygen  may  become  free,  and  re*unite  when  ignited  as  the 
vapor  of  water,  whilst  the  excess  of  oxygen  would  form  its 
union  with  bed  rocks,  and  supply  that  in  the  present  at* 
moBpherc.  H 

Since  the  date  of  first  edition,  wherein  the  above  remarki^ 
were  published,  those  astounding  explosions  of  burning  hy- 
drogen from  the  sun,  to  some  200  000  miles  above  its  surface, 
prove  as  thoroughly  as  can  be  possible,  that  solid  hydrogen 
must  exist  in  its  interior,  and  thus  supply  the  fuel  for  its 
formation.  If  this  is  so  in  the  sun  may  it  not  be  acting  in  a 
like  manner,  but  with  less  power,  in  our  globe^  and  thus 
create  volcanic  force,  which  by  burating  occasionally  under 
certain  portions  of  the  crust  as  described  in  the  fourth  chap- 
ter, produces  earthquakes,  and  accounts  tV>r  the  formation 
and  presence  of  water  as  discharged  through  red  hot  craters. 

Now  the  total  areas  of  the  oceans  equal  eight-elevenths  of 
the  surface  of  the  earth,  and  as  they  have  an  average  depth 
of  three  miles,  it  follows  that  tlie  depth,  if  extended  over  the 
whole  globe,  would  be  more  than  two  miles,  or  10,560  feet. 
Taking  the  round  number  of  80  feet  high  of  water  as  the 
representative  of  one  atmospliere,  and  dividing  the  10.560 
feet  thereby,,  we  have  352  atmospheres  of  average  pi-^ssuro— 
over  the  whole  bed  surface  of  the  earth,  which  is  more  thaij^ 
seven  times  the  pressure  experimented  on  by  the  French 
Academy*  Now  if  this  amount  of  water  was  eonveiled  into 
vapor  over  the  red  hot  earth,  or  was  first  formed  as  vapor 
(which  seems  the  more  plausible),  it  would,  as  a  matter  of 
course,  being  transferred  from  under  to  an  overlying  equal 
weight,  exert  the  same  pressure  of  352  atmospheres,  which 
the  numerous  other  gases  would  increase  to  a  still  higher 
pressure,  subject  to  some  deductions  for  increasing  length  of 
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circamference  with  greater  altitude,  etc.,  fmra  divergenco. 

It  appears,  therefore,  very  certain  that  a  much  higher  sea- 
sible  teraperature  {which  ia  governed  by  pressure  on  steam 
and  water^)  existed  at  some  more  remote  period  than  tlie  510° 
under  50  atmospheres,  even  sarpa^iaing  the  modulus  of  elas- 
ticity  of  steam  ;  whilst  the  underlying  saline  solution  in  sur- 
fiiee  water,  if  anj^  then  existedj  would  exceed  red  heat. 

These  expressions  are  founded  on  the  examination  of  pure 
water,  but  the  degree  is  much  increased  when  it  eoutaina 
other  substancea  in  solution.  We  will  suppose  that  lime 
chloride  may  have  largely  composed  one  of  the  tirst  satu- 
rated solutions  from  the  released  elements  of  fusion ;  as  the 
esciipifig  chlorine  gas  would  exist,  under  more  tliun  4  atmos- 
pheres of  pressure^  only  as  a  liquid,  that  would  form  various 
chlorine  compounds  at  more  moderate  temperatures. 

This. saturated  solution  alone,  even  at  the  present  pressure 
of  but  one  atmosphere,  increases  the  boiling  point  from  212^ 
to  264%  but  all  other  freed  gases  and  liquids  which  unite  with 
water,  as  well  as  all  the  first  exudations  of  solid  substances 
that  were  soluble  therein,  at  the  extremely  high  temperature 
then  existing  (which  would  embrace  many  that  are  now  in- 
Boluble,)  would  still  further  increase  the  boiling  point;  so 
that  the  trials  of  Dulong  and  Arago  of  pure  water,  which 
reached  510.6°  under  but  50  atniusphores,  would  in  all  prob- 
ability have  extended  the  degree  of  this  then  compai-atively 
imall  and  mixed  solution  to  some  700"^  or  800^  without 
further  pressure.  This  appears  but  insigniticjint  when  com- 
pared to  that  which  must  have  been  then  in  action  under  the 
enormous  influence  of  this  vapor,  increased  still  further  by 
the  following  gases. 

Oxygen,  nitrogen,  and  hydrogen  must  have  existed  in 
eoormous  quantities,  either  uncombined  as  oxygen  and  ni- 
trogen of  the  atmosphere,  or  in  combination  as  the  oxygen 
and  hydrogen  in  steam,  or  in  the  more  intensely  heated  and 
compressed  unknown  forms  previously  alluded  to.  Sulphur- 
outi  acid,  and  carbonic  oxide—changed  to  carbonic  acid  by 
combustion  in  air — must  have  been  present,  in  gaseous  con- 
ditions, as  it  is  well  known  that  they  could  not  exist  at  any 
such  te  nine  rat  u  res,  when  combined  as  they  are  now. 

Chlorine  would  for  these  same  reasons  have  been  present 
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liquified  (at  orrli 


ill  immense  quant ity,  either  ; 

temperature)  under  a  presnure  of  four  atirio?^pheres,  but  more 
probably  as  a  gas, — for  increased  temperature  would  alsoj 
require  increased  pressure  for  its  liqurKt^atiau — this  18,  liowr- 
ever,  immaterial,  as  both  carbonic  acid  and  cltlorio  ga.^e8|J 
being  heavier  than  the  others,  would  form  carbonated  and] 
chloridated  steam  to  fal!  as  water  for  further  reactions,  form-] 
ing,  at  tlie  suitably  tepid  periods,  the  various  carbonates  of 
lime,   magnesia,   etc*,   and    the   chlorides  of  sodium,   et 
Whilst  the  sulphurous  acid  would  unite  with  the  steam  to 
fall  in  eroding  showers,  producing  solntinn,  to  combine  with  h 
the  other  more  suitable  surface  elements.  ■ 

These  are  but  a  few  of  the  gases  which,  with  steam, 
composed  this  voluminous,  mixed,  heavy,  and  dark  prime, 
val  atmosphere  that  surrounded  the  earth  at  this  period.  It 
aflbrds  interesting  wonder  us  to  whence  all  these  gases  pro- 
ceeded. It  is  reasonable  to  suppose,  that  when  a  globe 
appears  in  luminosity  and  apparent  combustion,  that  one  or ^ 
more  of  the  inttammable  gases  must  be  present  to  support^ 
it;  and  strange  as  it  may  seem,  the  spectrum  has  reeeutly 
demonstrated,  by  actual  qualitative  analysis,  from  the  colore 
produced  from  mineral  flamos,  that  the  sun,  other  tixed  stai's, 
and  nebulous  belts,  are  burning,  or  oxidizing,  at  this  very' 
moment  liydrogen,  sodium,  calcium,  magnesium,  iron,  man- 
ganese, nickel,  cobalt,  chromium,  titanium,  etc.,  etc. 

Whether  the  nebulous  theory  is  approximately  correct  fot 
solids,  or  not,  some  of  the  gaseous  elements  may  have  ex- 
isted in  very  much  more  remote  space  than  now;  fur 
just  at  the  present  state  of  rarefaction,  we  fail  to  even  con* 
ceive  the  amazing  amount  that  have  condensed  from  the 
gaseous,  voluminous,  and  elastic,  to  the  compact  liquid  and 
solid  states ;  so  that  much  of  the  intervening  splices  may 
have  been  occupied  by  oxygen,  nitrogen,  or  other  more  or 
less  attenuated  gases,  collected  by  the  attraction  of  the  dif- 
ferent spheres  that  traversed  their  respective  orbit.^  5u  space. 

In  connection  with  this  theory  of  fire,  it  appears  most 
strange  as  to  what  caused  refrigeration  ;  and  in  addition  to 
radiation  I  see  no  better  reason,  than  that  tlie  heat  may  have 
been  transferred  fi*om  the  sensible  to  latent  form,  during  the 
numerous  chemical  changes  f 
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states.  For  inetance,  wben  hydrogen  is  burned,  as  it  is  com- 
monly called,  in  the  presence  of  oxygen,  these  gases  com- 
bine to  form  water  (ita  only  appiirent  source),  which  contain^, 
under  one  atmosphere's  pressure,  but  180^  of  sensible  heat, 
and  1,000*^  of  latent  heat;  so  that  this  considerable  ratio 
having  been  thus  stowed  away  from  sensible  forms,  refrig- 
eration was  the  consequence. 

If  this  idea  is  a  generally  correct  one,  the  various  gases, 
by  being  composed  into  liquids  and  solids,  would  hasten  the 
cooling,  during  this  particular  period  of  formation,  to  a  very 
remarkable  degree. 

Notwithstanding  this  more  speedy  refrigeration,  a  very 
long,  hot  period  must  have  elapsed,  as  the  first  slates  were 
being  distributed  and  deposited,  before  the  temperature 
would  be  sufficiently  reduced  for  the  formations  of  the  inor- 
ganic crystalline  earboaatesof  lime,  magnesia^  etc,  with  the 
confused  mixtures  of  slates  that  preceded  the  more  tranquil 
periods,  when  water  ceased  to  boil  under  permanent  mini- 
mum atmospheric  pressure. 

It  would  be  as  absurd  to  suppose  that  changes  were  not 
then  taking  place,  m  that  fish  or  animals  of  any  kind  could 
have  eideted  during  this  hot  epoch. 

THl    FORMATION    OP    THE   EAELIE3T  CRYSTALLINE   CLAY   SLATES, 
FROM    PRIMmVE   GRANITIC    ELEMENTS. 

In  this  state  of  wild  confusion  of  gases  and  vapors,  general 
debris  and  dross,  that  encompassed  the  earth  at  this  time, 
under  the  ever-varying  actions  of  fire  at  the  different  parts 
[of  the  surface,  vast  volumes  of  steam  and  accompanying 
vapors  would  be  forced  upwards  from  highly-heated  oceans, 
seas,  and  lakes;  which  would  create  tremendout^ly  violent 

!  hurricanes  of  the  compressed  and  heavy  gases,  that  would 
Bweep  over  the  land  with  a  distributing  power  far  sur- 
pasaing  anything  that  can  be  conceived  possible  from  the 
present  ordinary  causes  for  winds  ;  thus  scattering  much 
spray  from  the  hot  oceans  over  the  mountains,  and  the  com* 
paratively  light,  thick  debris, — that  would  even  float  in  such 
an  atmosphere,— over  the  slopes  into  the  lower  grounds, 
which,  by  continued  attrition,  would  wear  into  powder  the 
more  exposed  and  larger  granitic  rocks;  whilst  the  moist 
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eteam  and  hot  raios  would  carry  away,  in  mechanical 
chemical  eolutiaoB,  immeose  quantities  of  sodaj  lime, 
neeia,  etc,  to  these  primeval  ocean  reservoirs,  for  subsequen 
reactiona,  preeipitatious  and  eediraentary  depositions. 

Large  qiiautities  of  these  Bubstances  mu^t  have  been  geii" 
erally  disBemiiiated  throughout,  and  dissolved  from,  thiai 
Burtaee  scum,  by  highly  heated  water,  that  would  by  ren^ 
daring  the  mass  more  cellular,  hasten  the  disintegration  and 
distribution  of  the  quartz,  feldspar,  aud  mica,  which  may 
have  been,  under  snob  eircumatances,  traa^ferred  by  the 
ponderous  winds,  to  form  the  gneiasose  granites ;  and  by 
further  pulverization,  or  naturally  smaller  crystals,  the  earliest 
crystalline  clay  elates,  as  secondary  formations,  from  primi- 
tive elements,  on  the  irregular  corrugations  of  the  primitive 
bottom  rocks,  described  In  Chapter  I. 

I  think  the  eftects  produced  by  floatation,  in  such  a  dense 
mixture  of  all  the  elements  that  tire  could  release,  have  beeE 
insutiiciently  credited ;  for,  surely,  an  elastic  medium  of  this 
enormous  density  must  have  held  amaziug  quantities  of  the 
rock  debris  in  mechanical  suspension;  and,  as  our  one  atmos- 
ph6re*8  density  floats  a  feather  and  impalpable  dust,  it  can- 
not be  doubted  that  such  as  must  have  then  existed,  who: 
assisted  by  ponderous  winds,  would  have  floated  the  sands, 
or  even  the  loose  rocks  themselves^  into  the  more  tranquil 
slopes  and  valleys.  It  also  seems  possible  that  many  tree 
elements  may  have  been  thus  suspended  to  combine,  by 
chemical  crj^^nUization,  into  heavier  solid  forms,  to  fall  in 
continual  showers,  and  aggregate,  in  course  of  time,  inta^ 
the  Azoic  bed-rock.  This  would  fully  account  for  gneiss V 
and  other  formations,  that  are  now  but  subjects  for  contro- 
versy aud  conjecture.  fl 

In  this  connection,  the  quartz  may  have  acted  as  a  receiv-" 
ing  solution.  As  silicic  acid  forms  thehalf  of  all  rocks,  and 
entei's,  as  an  add^  into  their  constitutions  to  form  silicatea, 
may  it  not  be  possible,  and  even  probable,  that  the  compo- 
nents of  water  were  created  as  its  diluting  associate,  under 
extreme  pressure  and  temperature  exceeding  that  of  ItB 
modulus  of  elasticity,  and  that,  after  the  pressure  became 
suflBciently  reduced,  the  silicious  solution  was  evaporated  by 
the  very  creation  of  th^  vapor  of  water,  by  inverse  means, 
and  this  peculiar  crystallization  was  the  residual  result? 
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lo  connection  with  these  diRtributions  and  depoeritions  of 
the  crystalline  azoic  formations,  most  of  which,  I  think, 
were  deposited  before  water  ceased  to  boil,  two  very  impor- 
tant facts  niQst  Dot  be  forgotten,  that  the  firstnpheavakof  all 
the  primitive  mountains,  at  this  period,  compared  with  thei 
gabsideuce  of  the  ocean-beds,  were  by  no  means  so  different  1 
as  they  now  are  in  their  elevatioo  and  depression,  nor  were^ 
the  hot  oceans  anything  like,  in  extent  and  depth,  what  they 
Iiave  fiince,  by  condensation  of  steam,  become  ;  so  that,  for 
these  reasons,  the  very  hot  ocean  waters  may  at  the  earliest 
periods  have  had  the  separating  barriers  of  the  old  and  new 
world*8  continents,  just  as  they  have  at  pi'esent,  with  but  the 
difference  in  the  <lepth8  of  the  water  as  compared  to  later 
periods,  and  by  paitaking  of  but  the  slight  tidal  motion  that 
IB  now  produced  by  the  action  of  the  moon,  the  distribu- 
tions and  sediments  would  be  settled  in  situations  that 
conformed  to  such  conditions:  but,  as  the  earth  continued 
to  refrigeratei  the  vapor  of  water  would  condense,  and  in- 
crease the  oceans  so  much  that  the  waters  thereof  would 
nltimately  submerge  all  the  lower  hinds  of  the  present  con- 
tinents of  the  world,  leaving  nothing  above  it  but  a  few 
peaks  and  comparatively  ahoi-t  ranges  of  the  tops  of  the 
mountains  aa  mere  islands.  The  ocean  waler  having  risen 
from  its  minimum  depth,  and  surmounted  its  barriers, 
followed  the  moon's  accelerative  attraction,  and  wrought  j 
at  its  maximum  elevation,  uncontrolled  sway  on  the  general 
surface  debris,  and  thus  deposited  its  various  azoic  (non- 
fo^f^iliferous)  rock^  at  all  levels  during  its  ebb  from  the 
land  ;  so  that  the  mountain  rogious  continued  to  incretise  ns  | 
the  ocean-beds  subsided  and  withdrew  the  waters  therefrom. 

It  may  be  here  repeated  that  a  subsidence  of  the  ocean's 
vast  comparative  areas,  of  but  100  yards,  would  have  laid 
l>are  all  the  low  lands  of  the  world.  This  liquid  reservoir 
and  distributor  of  mud,  aided  by  contraction  and  its  con- 
seqnences,  acting  in  conjunction  mth  chemical  solvents, 
the  mechanical  disintegrators  of  ponderous  winds,  and  the 
enormously  plentiful  deluges  of  rain,  during  this  period  of 
steam,  shaped  the  transverse  hills  and  valleys  of  the  primi- 
tive rocks,  and  with  their  debris  reformed  what  the  miner 
must  understand  as  the  Jirst  secondary  rvcks^  from  primitive 
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Tock-eleraents,  being  the  latter  stage  of  this  peculiar  azoic 
formation.  These  rocks  are  all  of  cryBtalliiie  appearance,  and 
apart  from  the  fineness  of  the  gmin,  and  the  presence  of  talc, 
extra  mica,  hornblende,  etc.,  do  not  materially  difter  from  the 
composition  of  the  granites,  from  which  they  are  derived* 
Crystallization,  with  tVie  absence  of  too  perfect  cleavage,  and 
foseihferous  remains,  are  imperative  characteristics  of  this 
fe  of  formation.  fl 

There  is,  also,  the  compact  variety  of  crystalline  carbonate 
of  lime,  granular  limestone,  which  was  probably  depositeil 
at  or  toward  the  termination  of  the  period,  from  the  chemical 
Boliition  of  chloride  of  lime,  as  the  temperature  of  the  boil- 
ing solution  became  sutKciently  reduced  for  the  carbonic 
acid  from  the  atmosphere,  or  from  the  hot  water,  to  unite 
tlierewith  and  precipitate  it  as  carbonate  of  lime,  the  chlorine 
being  released  to  form  chlorine  water  for  other  combinational  j 
as  that  of  sodium,  etc. 

These  limeatonee,  being  formed  during  the  hot  period,) 
conser|nently  lack  fossils  and  cleavage,  and  frequently  form 
irregular  combinations,  as  would  have  been  expected,  with 
the  other  mechanical  ingredients  from  neighboring  rocks. 
These  must  not  be  confounded  with  the  modern  coralline 
and  stratitied  mud  fonnations,  in  which  well4brmed,  perfect 
fossils  abound.  For  the  rainer^s  puqiose,  the  rocks  and 
deposits,  described  in  these  chapters,  will  embrace  all  the 
massive  granular  kinds,  as  the  various  granitic  rocks,  crys- 
talline slates,  and  limes,  as  well  as  the  hard  greenstones,  and 
fiorae  of  the  porphyries  that  are  known  to  be  of  settled 
formation,  and  not  produced  by  the  more  modem,  immedi- 
ately direct  local  volcanic  action;  extensive  dikes,  or  broad 
belts  of  hornblende  or  homblendic  slates  ;  chlorite  slate  ;  or 
their  conglomerates,  w^hcn  adjoining  the  bottom  primitives; 
most  especially  when  they  are  stained  by  the  oxide  of  iron 
or  other  minerals. 

As  these  elements  were  all  formed  by  fusion,  during  the 
evulsion  of  the  minerals,  they  were  more  or  less  impregnated 
therewith  at  the  time,  and  what  happened  to  be  volatilized, 
and  escaped  into  the  atmosphere,  were  sooner  or  later  again 
collected  and  reconveyed  to  the  general  solution,  that,  at 
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the  proper  time,  deposited  the  base  mineral  oxidea  npon  this 
only  bottom  receptacle  of  progressive  formation,  and  which 
formed  the  general  stock  of  the  salifiable  bases  that  in  due 
time  were  transferred  to  the  veins  of  future  agea,  and  pre- 
cipitated by  the  many  re-agents  that  were  present  daring 
long  periods  of  time. 

The  metals  that  have  been  profitably  extracted  from  the 
true  fissure  veins  of  these  formations,  are  chiefly  iron>  copper, 
tin,  lead,  zinc,  and  eilver  in  combination  with  copper  or 
lead ;  but,  less  frequently,  the  ores  of  silver,  in  such  settled 
positions. 

When  intrusive  and  comparatively  recent  volcanic  action 
approaches  the  Junctions  of  these  primitive  and  secondary 
formations,  silver  is  more  frequently  found  in  its  constitu- 

I  tional  forms,  and  in  greater  abundance,  than  when  it  is  very 
far  removed  from  such  action* 

Gold  has  been  found  in  proiitable  quantities  in  such  prim- 
itive, or  primo-secondaries*  when  volcanic  action  has  uplifted, 
distorted  and  tilted  the  latter  strata  to  a  con8iderable  angle ; 
eoDietimes  it  is  then  found  in  the  primitive,  very  near 
the  junction,  but  much  more  frequently  in  the  clay  slates. 
Silver  appears  to  have  been  of  more  recent  formatlun,  and, 
a«  bat  little  of  it  will  suffice  for  profits,  it  has  been  conse- 
quently worked  from  more  numerous  strata  than  many  of  the 
more  plentiful  base  minerals.  I  have  often  thought  that, 
during  the  period  of  the  general  volatilization  of  all  of  the 
minerals  and  metals,  there  may  have  arisen  just  as  much 
silver  and  gold  as  some  others  of  the  less  plentiful  metals  ; 
but,  when  the  surface  reactions  commenced,  silver  if  not  a 
chloride  would  unite  with  some  sotaMe  chloride^  as  chloride 
of  sodium,  to  an  ecerlasiingly  imoltibk  chloride  of  silver,  that 
would  be  dispersed  with  the  bed-rock  formations,  but,  being 
insoluble,  would  never  be  transferred  to,  and  collected  in, 
veins  or  pockets  for  profitable  extraction,  as  is  the  case  with 
the  many  soluble  base  minerals.  Qold  would,  also,  from 
being  soluble  in  chlorine,  or  chlorine  water,  be  mostly  dis- 

i  persed  throughout  the  ocean,  or  precipitated  in  after  times 
into  infijiitesimally  small  metallic  particles,  that  would,  also, 
be  forever  inBoluble  in  any  other  natural  solvent,  after  the 
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chlorine  had  united  to  other  elemeutSj  for  which  it  poese 
a  stronger  affinity,  than  for  gold. 

The  ahell  of  the  earth  contioned  to  crush  laterally, 
to  create  room  for  its  settlement  on  the  molten,  faster- 
con  ti^actiog  interior,  during  these  formations,  aa  it  did  in 
the  primitive  period ;  and  in  both  cases,  aa  would  be  sup- 
posed, not  in  a  very  universally  regular  manner;  bo  that  the 
primitive  secondary  Azoic  deposits  do  but  seldom  conform  to 
or  cover  the  primitive  bottom,  in  any  very  equal  layers  over 
the  mountainous  districts  of  greatest  disturbance,  wherein 
the  miner  requires  information.  These  Azoic  formations 
have  been,  B'ere  being,  and  would  coutinoe  to  dry  and  bake 
into  concreted  rock,  by  the  under-lying  heat,  during  the 
after-deposition  of  the  Paleozoic,  Mesozoic,  and  Cenozoic, 
times  ;  and  the  distorting  influences  would  also  be  occasion- 
ally acting,  in  a  more  moderate  scale,  to  its  further  displace- 
ment, as  may  be  seen  in  the  formations  of  all  ages,* 


*  At  about  this  and  subseqaenl  periods,  it  frequently  happened  that  the  or«r- 
tjing  Azoic  rocks  ttid  upon  the  primitive  bottom  of  granite,  when  the  latter  w&s 
being  cruabed  and  ibkkened  into  mountaina;  and  in  a  manner  sometitnt^a 
tootbed  into,  or  doubled  back  against  auch  eleratiouB ;  or  in  mber  wurda  con- 
tiuned  wilh  tho  horizontal  tnotiou  of  the  general  adjoioing  rock  until  it  arrived 
at  about  where  the  partial  tbickeoing  of  the  granite  occurred,  when  auch  extra- 
ordinary diatorlions  and  strange  fotdiuga  resulted  as  to  render  the  old  theories 
for  the  *hre£t  upheaval  of  mouulaina  quite  inadequate  for  tho  effects  produced; 
for  nothing  but  directly  UUeral  mparat*  &hifu  could  have  caused  the  very  irrcg- 
alar  features  of  the  crushed  or  crumbled  broken  graoiUe,  and  the  varioaf 
jumblings  of  formg  of  the  secondary  strata,  which  are  occasionally  Been  by  the 
practical  miner. 
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ROCK    FORMATIONS    OF  THE  PALEOZOIC,  MESOZOIC   AND  CENO- 
lOIC    TIMES — WHBRB    FOSSILIFEROUS    KEMAIHS   OF    BIRDS, 
FISHES,   Anv  ANIMALS   AEK   FOUND. 

"  And  the  i^ptrit  of  Oad  moved  upoa  the  face  of  the  waters/' 
**  And  God  dald  let  there  be  tight:  Aod  there  was  light/* 

Otnerii,  okup.  l,  TGrsea  2  and  9, 

The  preparatory  stages  of  rock  formations  described  ia 
Chapters  land  II,  may  have  required  billioag  of  years  Ux. 
accomplish,  and  as  plainly  shown  by  the  quotations  frora] 
Genesis,  this  long  dark  entire  time,  preceded  the  first  day's^ 
(or  period's)  light,  and  week's  work  of  organic  creation. 

These  life  sustaining  times,  now  to  be  described,  havej 
been  subdUnded  by  geologists  into  ages,  and  the  ages  into 
erasj  and  periods. 

The  Paleozoic  Time  is  the  only  one  of  these  that  concoma 
the  miner;  the  others  should  be  atodied  but  for  recognition, 
and  avoidance.     This  commenced  an  era  of  more  tranquil 
and  natural  formations,  when  water  had  ceased  to  boil,  nnder,| 
an  atmosphere  that  approa-ched  more  closely  to  the  present; 
when  the  lower  order  of  living  creatures  could  exist,  and 
leave  their  records  embedded  in  a  softer  stratified  mudj  ta] 
solidify  and  seal  for  the  future  inspection  of  the  Almighty '^ 
master  creation,  Man.     This  mud  solution  was  principally.] 
such  as  was  not  chemically  precipitated,  or  was  too  impal- 
pable for  settling  during  the  period  of  ebullition,  and  which] 
contained,  in  solution,  those  elements  that  were  still  partially' 
or  wholly  soluble  in  tepid  water  ;  some  of  which  would  be 
precipitated  on  cooling,  whilst  the  remainder  supplied  the 
organisms  with  lime,  etc.,  for  the  formations  of  the  niodera 
corralline  and  stratified  rocks,  that  now  overlie  those  of  the 
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Azoic  cryf^talline  deposits,  which  more  immediately  concern 

the  miner  of  metallic  minerals. 

"And  God  made  the  firmftnent,  and  divided  the  waters  which  were  under  the 
firmanent  from  the  waters  which  were  abore  the  firmament.'^ 

Genesis^  chap.  I,  Teree  7» 
'^  And  Qod  said  let  tbe  earth  bring  forth  gruss^  the  herb  yielding  aeed^  • 
the  fruit  tree  yielding  fruitafter  its  kind,  whoae  seed  is  in  itself  upon  the  earth.*' 

(?enftri*,  chap   I,  verse  IL 

*'  And  Ood  said  let  the  waters  bring  forth  abundantly  the  moving  creature 
that  hath  life,  and  fowl  that  may  fly  abofe  the  earth  in  tbe  open  firmamenl  of 
heaven."*  Gmesit,  chap.  I,  vcrae  20. 

Thia  Paleozoic  Time  (of  stratified  rocks,  and  these  organic 
creations)  embraces  the  Silurian  Age  of  Moliiit^ks,  the  Devo- 
nian  Age  of  Fishes,  and  the  Carboniferous  Age  of  the  Coal- 
field Deposits.  The  Silurian  Age  is  again  divided  into  the 
Lower  Silurian  and  Upper  Silnriao  Eraa,  the  first  embracea 
the  Potsdamj  Trenton,  and  Hudson  Periods;  the  first,  or 
Potsdam,  being  composed  of  Potsdam  sandstone  and  calcif- 
erous  sand-rock ;  the  Trenton,  or  second,  of  Chazy  liraestoiie, 
and  Trenton,  Black  River  and  Bird's-eye  limestones ;  the 
Hudson,  or  Third  Period,  of  Utica  shale  and  Hudson  River 
Group;  whilst  the  Upper  Silurian  Era  embraces  the  Niagara, 
Salina,  and  Lower  Helderberg  Periods,  the  Niagara  Period 
being  composed  of  Oneida  conglomerate,  Medina  sandstone, 
with  the  Clinton  and  Niagara  Groups ;  the  Salina  Period 
priucipaHy  of  saliferous  beds ;  and  the  Lower  Helderberg 
Period  of  the  Lower  Helderberg  Group  of  Aymestry  lime- 
stone. The  Devonian  Age  of  Fishes,  embracing  the  Old 
Red  Sanddtone,  is  divided  into  the  Oriskany,  Corniferous, 
Hamilton,  Chemung  and  Gatskill  Periods  ;  the  Oriskany 
Period  being  composed  of  Oriskany  sandstone ;  the  Cornif- 
erous Period  of  Cauda-Qalli  grit,  Schoharie  grit,  and  Upper 
Helderberg  limestones;  the  Hamilton  Period  of  Marcellus 
shale,  Hamilton  Group,  and  Genesee  slate;  the  Chemung  J 
Period  of  the  Portage  and  Chemung  Groups;  and  the 
Catskill  Period  of  Catskill  red  sandstones. 

The  Lower  and  Upper  Silurian  formations,  when  near  to 
or  adjoining  the  Azoic  primitive  or  secondary  primitive  rocks, 
and  when  comparatively  free  from  well-defined  fossils,  other 

*  It  tfi  ?ery  remarkable  that  only  fishes  and  fowls  were  first  made, — wbieb 
Btrictly  conforms  with  the  instable  condition  of  tbe  dry  land. — for  aa  man  aod 
animals  conld  not  exist  and  mtiltlply  on  ground  that  oiuj^t  have  been,  at  tbifl 
time,  too  frequently  Bubmergedj  tbej  were  necessarily  the  last  of  creation. 
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euitable  coaditions  being  present,  freqoeatly  have  veins  that 
contain  profitable  quantities  of  lead,  antimony,  zinc,  and 
iron;  and  when  slightly  invaded,  and  metamorphosed  or 
tilted  by  more  recent  volcanic  action,  pockets  of  silver  are 
often  found  in  both  carbonate  of  lime  and  the  combined  car- 
bonates of  lirae  and  magnesia,  fis  well  as  in  the  clay  slates* 

When  talcose,  chloritic,  and  ordinary  clay  slates  have  been 
thus  tilted  for  a  considerable  distance,  and  uplifted  as  a 
margin  to  an  ancient  ocean,  gold  has  been  found  in  gre^itest 
profusion  throughout  the  world,  in  reefs  that  accompany  the 
divisions  of  the  stratum,  rather  than  in  true  fissure  veins  ; 
but  those  which  deviate  from  the  general  line  of  strata,  and 
take  their  own  route  at  times  and  places,  have  been  much 
more  profitable  than  others  that  always  conform  thereto. 

The  Carboniferous  Age  terminates  the  Paleozoic  Time, 
and  is  divided  into  the  Sul>carboniterous,  Carboniferous  and 
Permian  Periods;  tirst,  the  Sub-carboniferous,  of  sub-carbon- 
iferoae  or  mountain  limestone  and  millstone  grit ;  the  Car- 
boniferoas,  of  the  various  series  of  strata  of  the  coal  measures; 
and  the  Permian  Period  of  the  Permian  Groups  of  red  sand- 
stone and  marlSy  with  magnesian  limestone. 

The  formations  of  these  Carboniferous  Ages  should  be 
closely  studied  by  the  coal-miner,  and  the  recorded  facts  laid 
down  in  numerous  geological  treatises,  regarding  the  ages  of 
the  fossil  shells,  must  be  often  referred  to,  that  he  may 
know  when  he  is,  or  is  not,  on  ground  that  may  contain  or 
cover  coal-beds,  as  well  as  the  particular  position  for  the 
different  periods  of  the  deposits  on  the  same  field,  so  that 
errors  may  be  prevented. 

It  would  require  much  space  to  fully  illustrate  this  subject, 
which,  to  be  beneficial,  should  be  exhaustive.  I  have,  how- 
ever, made  the  following  extracts  from  Dana^s  Maniud  of 
Gtoloffy^  to  expose  the  general  characteristics,  and  immense 
extent  of  the  American  coal-fields,  already  discovered;  and, 
for  further  information  on  this  subject,  I  would  refer  to  the 
other  books  written  for  practical  coal-miners. 

*•  EPOCH  OF  TtlE  COAL   MEASURES. 

t.    DiaTftlBUTlON    or   THE    COAL    A^HKAft. 

'*  1.  The  great  Appalachian  coal  fields  corering  parts  of  PeonsylTanin^  Ohio, 
ViTginiA,  euteru  Keatuckjr,  en^tem  Tennessee,  aud  AlAhAuin.  The  workable 
ATtft  U  ettiniAted  at  60,000  aquare  miles.     The  whole  thickaeBd  of  ibe  furmAtion 
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is  2500  or  3000  Teet:  afj^gregale  thickness  of  the  indaded  coal-beds,  orer  120 
feet  io  the  Pottsville  and  Tamaqua  Vallej,  aboat  62  feet  near  Wilkesbfirrc,  35 J 
feet  tti  Pittsburg*  The  area  U  part  I  j  broken  up  itito  pi)t<sh«3  In  Pennsylvania, 
in  the  centre  of  the  State,  between  PotlsviUe  hnd  Wjornmgfj  arc  the  famous 
anthracite  bode,  divided  into  many  distinct  patches  j  and  in  the  western  pArt 
comiDencca  the  f^reut  bitutninous  coat-ficid  which  spreads  into  Uhio  and 
stretches  on  south  to  Alabama. 

^^2.  The  tUinoin  and  J\iiintuHf  corering  a  verj  considerable  part  of  Illinoii, 
part  of  Indiana  and  Kentucky,  and,  west  of  the  Mlssiseippi,  portions  of  Iowa, 
MissouHt  Kunsas^and  ArkanBas.  Estimated  area,  GO^OOO  square  miles.  Whole 
thickness  of  the  formation,  iu  Missouri,  GOO  to  1000  feet  ^  iu  westeni  Kentuckyi 
nearly  3300  feet — with  about  70  feet  for  the  aggregate  thickness  of  the  coaJ- 
beds. 

**  3,  Michigan^  situated  about  the  centre  of  the  peninsula.  Estimated  area, 
about  5000  square  mik$.  Whole  thickness  of  the  formation,  123  feet;  resta 
upon  a  sandstone,  probably  of  the  Millstone  grit  epoch^  which  is  105  feet  thick* 

**  4.  The  2\»CU|  covering  several  of  the  northern  and  northwestera  counties. 

"  5.  The  Rhode  hlnnd^  lying  between  Providence  and  Worcester  in  Massacbn* 
setts,  and  opened  at  Cuiubrrland  north  of  Providence,  at  Portsmouth  23  miles 
south,  and  also  showing  thin  seams  at  Newport  and  ekewheie;  iu  Mas.<iacfau- 
f  ettd,  outcroppitig  at  Mausfietdj  15  miles  northeast  of  Providence,  at  Wrentham, 
5  miles  from  Mansfield,  and  at  Worcester.     Estimated  area^  lOUO  square  miles. 

"6,  The  New  Bmntwiek  and  Nova  Scotia^  covering  part  ot  New  Brunswick^ 
Nova  Scotia,  Prince  Edward^s  Island,  and  Newfoundland.  Estimated  area, 
18,000  square  miles.  W^ hole  thickness  of  the  formation  at  the  Joggins,  tuclnd- 
ing  the  beds  of  the  Millstone  grit  epoch^  14,570  foet ;  the  number  of  included 
coal-beds  is  7G,  some  of  them  being  very  thin,  and  the  aggregate  thickness  45 
feet,  (Logan.)  These  coal-beds  are  sitoated  in  a  part  of  the  Coal  measares, 
2819  feet  thickc,  near  the  middle  of  the  scries.  At  Pictou  there  are  six  beds  of 
coal,  with  an  aggregate  thickness  of  HO  feet.     (Dawson.) 

*'The  total  number  of  square  miles  of  all  the  productive  coal-Eelds  of  the 
United  States  is  125JJ00. 

*'  Besides  the  above,  there  is  the  Aretie  Coal  region,  w^hich  has  been  observed 
on  Melville  and  Bathur^t  Islands,  Banks  Land^  etc.,  ajid  the  Roeky  Mountaintf 
both  of  which  are  yet  unexplored. 

"Limestones  of  the  Carboniferoas  pcriod^ — formerly  supposed  to  bt  Snh- 
carboniferooF — have  a  wide  distribution  over  the  summit  and  both  the  eastern 
and  western  slopes  of  the  mountains.  This  limestone  has  been  observed  at  the 
Black  Hills  in  Dakota^  and  the  Laramie  Range ;  about  the  head-waters  of  the 
Missouri ;  at  the  South  Pass  of  the  Rocky  Mountains  ;  in  the  ranges  south  of 
Pike's  Peak,  and  ea^t  and  west  of  Sant*  F£',  New  Mexico;  in  the  great  basin 
of  the  Colorado ;  and  it  probably  underlies  to  a  considerable  extent  the  Meao- 
Eoic  rocks  of  the  Rocky  Mountain  slopes  west  of  the  Missiasippi. 

lU    ftOCES. 

**1.  Kindi  of  rockt^  and  ntrati/kattQnM. — The  coal  mensjircs  include  stratified 
rocks  of  all  kinds — sandstones,  conglomerates,  shalhs,  shaly  sandetones,  lime- 
stones ;  and  the  limestones  are  generally  impure,  or  majfnesiftti.  There  is  th« 
same  wide  diversity  that  occurs  in  the  Devciniau,  with  more  numerous  and  rapid 
transitions  ihan  were  common  iu  that  age.  Moreover,  the  rocks  differ  much  in 
different  regions. 

"The  Coal  beds  are  additional  layers  in  the  series,  interstratified  with  the 
shales,  sandstones,  conglomerates,  and  limegtones,  13 ut  ihej  are  thin,  com- 
pared with  the  accumulation  of  rock- strata.  The  Coal  m^asurea  contain,  gen- 
erally, 50  feet  or  more  of  beds  of  rock  to  on*  Jbot  of  coaL 

*^lrODH>re  beds  also  occur,  making  other  thin  layers  in  the  series,  and  ren-  i 
dering  the  Coal  regions  the  best  Iron  regions  of  the  globa. 
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''ftf  followiog  section  is  rq  example  of  the  alumatioiis  (beginoing  below); 

I.  SnndjtoDe  iind  conglomerate  bedi ...«*«. ........*. 130  f^u 

%.  COAL .,.,., •-..•%,* ,..,     6  ** 

I  JH  Fin#^gramed  shalj  Bandsione.., 50  ** 

4.  Sikttaiut  iron-ore,,^, 1^  *^ 

6*  Argniactau$  $atidatQDe.. .**...,. 75  *' 

6.  OOALf  upper  4  feet  sh&le^  with  fotBil  plants,  and  below  a  thin 

clayey  layer , .....«...«., „     T  ♦' 

t.  Sandstone ».. , « *.„..„  80  ^* 

fi.  Iron^ore »...„„„.. 1  ** 

9,  Argillaceona  shale ....,»....  80  ** 

10.  LiMBSTONg  (oolitic),  containing  Proi^Mc^i,  Crinoidf,  «tc ..» 11  " 

IL  /nw-or*,  wit li  many  fossil  sh 4:1] i.... ♦..-...     3  ** 

12«  Coarse  &«LDdstone,  containing  trunks  of  trees »..,.. 25  ** 

13.  COAL,  lying  on  1  foot  slaty  shale,  with  fossil  plants...... .♦     6  •* 

14.  Coftrse  sandstone. , ^  12  ^' 

<*The  alternations  are  thaB  varions,  and  may  follow  any  order.  The  shaleSi 
sandstones,  couglotnerutes  and  limestones  resemble  the  corresponding  rocks  of 
other  penod{(,  and  they  are  diMtmguiahed  ajr  behngmg  to  the  Coal  meajnire*  onl^  by 
the  /o«nl  plant*  or  animal  r flics  ihry  may  contain.  Disastrous  errors  are  oftea 
made  when  this  rule  is  not  regarded. 

**  The  beds,  even  when  thick,  whether  of  coal  or  any  of  the  rocks  mentioned, 
have,  in  some  districts,  ft  limited  lateral  extent ;  yet^  in  this  respect  the  Coal 
measures  differ  little  from  earlier  formations.  Some  of  the  larger  beds  of  coal 
are  f  opposed  to  spread  continuoasly  over  many  thousand  square  miles  of  area. 

^'In  connection  with  the  Coal  meusurGS  of  Rhode  Inland  iherc  are  extensire 
beds  of  quartzose  conglomerate,  which  outcrops  at  Newport  and  elsewhere,  and 
form  a  bold  feature  in  ihc  landscape  at  **  Purgatory/'  2|  miles  east  of  Newport. 
They  occar^  also,  in  Massachusetta,  between  this  region  and  Boston,  showing 
well  about  Roxbury.  The  exact  position  of  the  beds  in  the  series  is  not  known, 
as  the  rocka  hare  undergone  great  disturbance,  and  in  some  places  so  mocb 
meuimorphiiim  that  the  ccmeniiag  material  is  a  talcose  schint.  At  Tannton, 
Kass&chusettSf  its  pebbles  have  occasionally  been  found  la  contain  Lingulie  of 
tb«  Potsdam  sandstone  [Linffula  prtmaj,  proving  that  they  are  pebbles  of  this 
Frimordial  rock  ;  but  whence  derived  is  unknown. 

"Reaides  the  rocks  mentioned^  a  buhrstonc  occurs  in  beds  sereral  feet  thick, 
ia  Ohio.     It  it  a  cellular  tiiiity,  siliceous  rock,  valued  highly  for  milleitones. 

"The  limestones  are  mort  extensive  ia  the  Coal  measures  of  the  Mis?is8tppi 
basin  than  in  those  of  Pennsylvania  and   Virginia  ;  while,  on  ll»e  contrary, 
conglomerates  are  much  less  common  in  the  West.     This  accords  with  the  fnct, 
learned  from  tlie  earlier  ages,  that  the  Appalachian  region  is  noted  for  its  con** 
glomerates  and  sandstones,  and  the  Interior  ba^in  for  limestones. 

*♦  In  Wayne  county,  in  Weatern  Pennsylvnnia,  there  are  80  feet  of  limestone 
in  250  feet  of  Coal  measures  ^  and  near  Wheeling,  on  the  Ohio,  twice  thii 
thickness  of  limestone.  In  Missoori,  there  are  150  feet  or  more  of  the  former 
to  650  of  the  latter.  In  the  lower  ISO  feet  of  the  Mi^Fouri  section,  there  are, 
however,  but  8  feel  of  the  limstonc,  and  in  900  feet  of  the  Lower  CarboniferouB, 
in  Western  Kentacky,  oaly  10  feet  The  limestones  included  among  the  stratA 
appear  often  to  havv  a  limited  lateral  range,  instead  of  the  nniformity  over 
extended  areas  common  in  earlier  perioda. 

•^^The  rock  underlying  a  coal-bed  may  be  of  either  of  the  kinds  mentioned  j 
bul»  usually,  it  is  a  clayey  layer  (or  bed  of  finer  clay),  which  is  called  the 
undtr-elci/.  This  under-day  gcneraOy  contains  fosaU  plants,  and  especially  the'  I 
root*  of  Carboniferous  plants  called  S(v/mari(f^  and  it  is  regarded  (as  first 
shown  by  Logan)  as  the  old  dirt^bed  in  which  the  plants  grew  that  commenced 
to  form  the  coal-bed.  In  some  cases,  trunks  of  trees  rise  from  it,  penetrating 
the  coal-layer  and  rock  above  it. 

*' The  Nova  Scotia  Coal  region  abotindfl  in  erect  tmnka,  standing  on  their  old 
dirt-beds.  Each  of  the  70  coal  seams  at  the  Joggins  has  its  darker  clayey  layer, 
ordlrt-bcd,  beneath.  In  15  of  them,  there  is  only  a  trace  of  coal;  but  these, 
as  well  w  the  rest,  contain  remains  of  roots  (Stiffmarta)j  and  often  support  still 
the  old  stumps.     (Dawson). 
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'•  The  rock  capping  a  coal-bsd  may  be  of  any  kind,  for  the  rocks  are  the 
rtsult  of  whatever  circumstances  succeeded;  bat  it  is  ccmmoa  lo  find  great 
numbers  of  foeail  plan tg  and  frftgoaents  of  trees  in  the  first  stratutii. 

**The  Nbaly  bed^  often  contain  tlio  ancient  fern^  spread  out  between  the 
li^yers  with  all  the  perfi^ctiun  they  would  tiave  in  aa  hbrbirium,  and  so  aban- 
dantly  that,  bowe?er  tbia  the  sbale  be  split,  It  opbtis  to  riew  new  impressioDi 
of  plants.  In  Ibe  saaditone  layers ^  broken  trunks  of  trees  soocietlmeB  lie 
scattered  through  the  beds.  Some  of  the  loga  iq  the  Ohio  Goal  measoreSi 
described  by  Dr.  Hildretb^  arc  50  or  <50  feet  long  and  3  feet  i4i  diameter. 

''The  thickness  of  tbe  coal-beds  at  timeB  hardly  exceeds  that  of  paper,  aad 
again  ia  from  30  to  40  feet.  The  bedd  lilio  vary  in  purilyt  from  coal  with  bul 
I  per  cent,  of  earthly  matter^  to  diirk-colored  shales,  with  only  a  trace  of  coal. 
The  thicknesB  is  seldom  over  8  feei,  frad  the  impuHtied  ordinarily  oonstitui« 
from  7  to  15  pRr  cent* 

*^  Tfie  Pittsburg  seam,  at  Pittsbtirg,  PetinsylTaolaj  is  8  feet  thick.  It  borders 
the  Monongabela  for  a  long  distance^  the  black  borizootal  band  being  a  con- 
ijpicuoua  object  In  the  high  shores.  It  may  be  traced^  accordiug  to  EugerSi  into 
Virginia  and  OhioT  over  an  erca  at  least  225  miiea  by  100  ;  and  even  into  Ken- 
tucky, according  to  Le^quereux.  But  it  varies  in  thickness,  being  12  to  H  feet 
in  the  Cumberland  basin,  6  feet  at  Wbcultng,  5  at  Athens,  Ohio,  and  on  the 
Great  Kanawha  ;  farther  south,  at  tbe  Qyyandotte,  2  to  3  feet 

''The  *  Mammoth  Vein,'  as  it  is  called,  which  ia  exposed  to  view  at  Wilkes* 
barrc,  Pennsylvania,  is  29}  feet  thick.  It  is  nearly  pure  throughout,  at  though 
there  are  some  blick  ahaly  layers  1  to  !2  inches  thick.  The  same  great  bed  is 
worked  at  Carbondale,  Beaver  Meadows,  Mauch  Chunk,  Tamaqua,  Mineraville, 
Shamokin,  etc. 

*'  At  Piciuu,  in  Nova  Scotia,  one  of  the  coal-bedB  has  the  extra  ordinary 
thickness  of  37^  feet  and  a  second  22i  feet. 

•*  2.  Structure  of  the  Coal. — A  bed  of  coal,  even  when  purest,  consists  of  dis- 
tinct layers.  The  layers  are  not  usually  separable,  unless  the  coal  is  quite 
impure  from  the  presence  of  clay  ;  but  they  arc  still  distinct  in  altcrmiting 
shades  of  black,  and  may  he  seen  in  almost  any  hatid  specimen  of  the  hardest 
anthracite^  forming  a  dclir:atc,  tbotigli  faint,  baoditig  of  the  coal. 

**  In  much  of  the  bituminous  coal  of  the  Missis.sippj  basin,  a  cross -fhicUire 
shows  it  to  be  made  up  of  alternate  lamimo  of  black,  shining,  compact  bttu- 
miDOUs  coal,  and  m  soil,  pulverulent  carbonaceous  matter^  much  like  common 
charcoal . 

'*The  conl  itself  varies  much  in  character.  In  some  regions,  as  in  the 
Schuylkill  (at  Potts viJle,  Mauch  Clunk,  etc.)  and  WiJkesbarre  coal-fields,  at 
Peak  Mountain,  in  Virginia,  and  id  Rhode  Island,  it  is  of  a  kind  called  AntkrO' 
ci/s^  which  is  nun-bitumincus,  and  bnrns  with  very  little  bluish  tiame.  At 
Fitteburgh,  and  through  nearly  all  tbc  Appalachian  coal-field,  and  in  the  other 
coal  areas  of  North  America,  it  is  Biitimtnoua  coal^  which  burns  readily  with  a 
brighl-yeilow  flame. 

'*The  bituminous  coal  ia  either  of  the  ordinary  brittle  kind,  breaking  into 
lustrous  angular  pieces,  or  the  compact  Cannel  coal^  distinguished  by  its  firm- 
ness, slight  lustre,  conehoidal  fracture,  and  the  absence  of  any  laminated  struc- 
ture,    Cannei  coal  often  graduates  into  ordinarv  bituminons  coat. 

"  In  many  placet,  there  are  vegetable  remains  in  the  coal  itself,  such  ag 
impressioDS  of  the  stems  of  trees,  or  leaves,  or  cbarcoal-like  fragments,  which, 
in  texture,  resemble  charcoal  from  modern  wood. 

**Even  the  solid  anthracite  has  been  made  to  divulge  its  vegetable  tiisues* 
On  examining  a  piece  partly  burnt,  Professor  Bailey  found  that  it  was  made  up 
of  cnrbonisted  vegetjiblo  fibros. 

"Pifriiet  (sulphuret  of  iron)  is  sometimes  disseminated  Ibrougb  the  coal-beds 
ID  nodules  or  seams,  to  the  serious  injury  of  the  coal.  Such  coal  crumbles 
down  on  exposure  to  the  air,  and  gives  forth  sulphur  fumes  when  burnt.  Even 
the  best  of  miiieral  coal  contains  traces  of  pyrites :  and  to  this  is  owing  the 
sulphur  smell  ordinarily  perceived  from  coal  fires. 

'*  3.  fron-orti, — The  iron-ore  beds  a.re  usually  from  a  few  inches  to  3  or  4  feet 
in  thickness.  They  contain  the  ore  in  concretionary  masses  or  plates  of  a  stony 
aspect.  The  most  common  but  not  most  valuable  kind  has  a  grayish-blue  and 
drab  color  on  a  freab  aurface  of  fracture,  and  dii"er3  from  limeslone  in  being 
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ttQVffQftlij  boftT7 :  this  ore,  called  clay  trcnsione,  is  aq  impure  spathic  iron  or 
thAl^&ilt.  Another  rariety  of  iromtom  is  an  impure  hematite^  (ifibnJini^  »  r«d 
powder.  Still  aootber  kind  is  an  impure  iimomte,  having  a  reddish-brown  or 
TvJlowisb-browQ  color,  and  afTordlng  a  brownish-yenow  powder  :  beds  of  ihia 
Tmriety  mre  few,  bui  widely  extended,  thick  and  valuable. 

**4.  Upper  and  Lower  Coal  Jfratiirff.— The  Coal  measoTes  ar«  BonQetimes 
dirtded  iaio  the  Upper  and  Lower  Coal  oieasures.  The  most  convenient  division 
it  above  the  *  Mamtooih  bed  ^  of  PeaQa^tvaniA,  as  there  is  a  marked  change  ia 
the  flora  from  this  point.  It  has  been  proposed  to  make  the  Mahoning  sand- 
stone the  dividing  bed,  above  the  Upper  Frecport  coal-bed,  which  is  the  third 
above  the  so-called  Mainniotb  bed  in  the  PennaylvaDia  series.  Another  great 
sandstone  siratutUf  called  the  Anvil  Rock,  occurs  in  Kentucky,  above  the  twelAh 
Coal-bed  in  the  Kentucky  series  ;  and  this  hiis  also  been  made  a  dividing 
stratum  in  the  measures.  There  is  nothing  in  the  fossils  thai  renders  the  SQb-> 
division  at  these  places  of  geological  importance,     (Lesc^uereux.) 

"The  great  Anthracite  region  of  Pennsylvania  is  largely  Lower  Carbonifer- 
ous, The  Upper  Carbonlferons  is  present  there  (at  Potts villc,  Shnmokio  and 
Wilkesbarre)  up  to  the  top  of  the  Pittsburg  group  (Lesley) ;  but  the  rest  docs 
not  extend  so  far  eastward.  The  greatesii  development  of  the  lower  coal  was 
iu  Pennsylvania;  and  of  the  upper,  in  the  States  farther  west.  The  highest 
beds  in  the  series  appear  to  occur  we^t  of  the  Mississippi,  in  Kansas,  where  they 
merge  into  the  Permian.  There  are,  however,  according  to  McKinley,  3,000  feet 
of  barren  Coal  messores  above  the  level  of  the  Pittsburg  coal,  in  the  southwest 
corner  of  PennsytvaniR  and  the  adjoining  part  of  Virginia,  and  it  is  not  certain 
bow  far  upward  they  may  reach  in  ihe  series. 

"5.  Egvnalertcy  hf  iht  Ajpalachton  ond  Illmoia  CcalMeantrri, — There  is  great  \ 
difficulty  in  arriving  at  safe  conclusions  us  to  the  equivDlency  of  (he  beds  in  the  j 
different  coat  ha^ius,  because  the  beds  of  rock  as  well  as  of  coal — even  those 
that  are  the  thickest — varj^  much  at  comparatively  short  distances  over  th®"^ 
connirjk.     Moreover^  as  the  basins  pre  wholly  disconnerted,  there  is  no  chanco 
to  trmce  even  a  single  stratum  from  one  to  another.     It  is  often  assumed  that 
the  Appalachian  and   Illinois    beds   were   once   united,   and  were  afterwards 
divided  by  the  uplift  of  the  Silurian  about  Cincinnati,  and  extensive  denudation 
accooipaoying  it.     But  It  has  been  shown  that  this  upUfl  probably  antedates 
long  the  Carboniferous  Age;  and,  if  this  were  so,  the  connection  in  those  lati- 
tudes is  impossible.     It  is  evident,  therefore,  that  only  the  moal  genenil  conclu- 
tton  on  the  subject  of  equivalency  can  be  accepted  as  estnbli^bcd  facts.     The 
principal  invcsligalioDS  on  this  subject  are  those  of  Lesqnereux,  who  has  brought 
to  it  a  thorough  knowledge  of  the  coal  plan  Is. 

"  The  Coal  measures  of  Penngylvania  und  the  States  weat  include  twelve  to 
eighteen  distinct  worknMe  coal*beds,  besides  thinner  seams,  the  number  varying 
in  dijferent  regions  from  certain  beds  being  comparatively  local.  In  ihis  series 
tiiere  arc  two  beds  that  have  special  prominence  on  account  of  tbcir  thickness 
and  the  wide  ronge  they  are  believed  to  have. 

'^  There  are,  J^n/  the  Mammoth  Anihradtt  vtin  of  Pennsylvania,  which  is  tho 
lecoud  or  third  from  the  bottom,  not  far  from  ihc  Millstone  grit, 

•♦  Second^  the  Great  FiUtburg  bed^  the  seventh  or  eighth  above  the  Mammoth 
rein, 

^'TUe  following  are  the  equivalents  of  the  beds,  according  to^  Lesqnereux  : 

"(1.)  Mammoth  led  (Second  workable  PennFylvaoia  bcdj, — The  bed  at 
Leonards^  above  Kittaning,  Pennsylvania  (3j  feettbick),  etc;  Mahoning  Valley, 
Cuyabogn  Falls,  Chippewa,  etc,  Ohio;  the  Kannwha  Salines;  the  Breckinridge 
Cannel  Coal  and  other  mines  in  Kentucky,  the  first  (or  second)  Kentucky  bed  j 
the  lower  coal  on  the  Wabash,  Indiana  ;  Morriss,  etc.;  liliuois, 

*'  (2.)  riUthufy  bed  (Eighth  PennsylvHTiia  bed).— Bed  at  Wheeling;  the  Well 
coal,  at  MulfordVin  Western  Kentucky,  Ihc  eleventh  Kentucky  bed. 

**  The  Gate  and  SalffH  hrds  correspond  To  the  Upffer  Frffport  (or  fifth  bed 
WMtern  Pennsylvania);  Pomeroy  coal,  Ohio,  sitwaied  below  the  Mahoning 
sandstone ;  the  Curttw  coal,  of  Curlew  Hill,  Kentucky,  or  the  fourth  Kentucky 
bed. 

^Un  Ken  tacky*  fifteen  or  twenty  distinct  coal-beds  exist.    The  eloTentb  ia 
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Buppoin^ci  to  corre?pODd  to  the  Pittsburg  bed,  and  tbe  others  are  ftbore  It, 
Above  the  twelfth,  there  is  ihe  massive sandstonts  40  to  50  feot  thick,  tftlled,  the 
Anvil  livckj  froiu  the  form  of  tVTQ  ransses  of  it  in  Southwestern  Kentuekj*  Six 
or  seven  coal  beds  occur  above  the  Auvil  Rock,  in  nbout  5riO  feet  of  rock  ;  but 
they  are  very  thin;  the  whole  amount  of  coal  in  this  thickness  is  nbout  5  feet. 
(D.  D.  Oweo)*  Tbe  thickness  of  rock  in  the  Goal  mensures  below  the  top  of 
the  Auvil  Rock  is  about  1000  feel,  and  of  tbe  included  coal-beds  about  40  feet  ] 
making^  in  all^  for  the  weeieni  Coal  measures  of  Kentuckj,  a  tbtckaest  of  1500 
fe«t^  in  which  are  45  feet  of  coah 


<*  6»  Sti^ttofu  of  thi  Coal  Meaaura, — In  Western  Pennsjlvanin.^  the  western 
CJoal  measures,  to  tho  top  of  the  Uppei  Frceport  Coal,  iaclusive,  consist,  accord- 
ing to  Lesley,  of  the  following  beds.  (MunuAl  of  Coal  and  Topography,  by 
J.  P.  Lesley,  i2mo,  1856.  Philiuklphia :  Lippincott  &  Co  )  The  numbering  of 
Lesley  by  the  letters  of  the  alplwbet  la  added  j  and  also  that  by  Lesquereux 
(the  latter  in  parentheses),  as;  ro tide  put  from  a  supposed  parallelism  between 
the  Kentucky  and  Pennsylvania  beds  : 

Milletone  Grit,,..., .,...     ?  , 

1.  CdAL  So,  A,  with  4  feet  of  shale  [I  A] 6         j 

2.  Shale  and  nmd-rock. ,„,,....., 40  1 

3.  COAL  No.  B  [I  B].     (Equivalent  of  Mammoth  bed) ..„ 3-B 

4.  ^hftle^  wirh  some  sandstone  and  iron-ore .« «  20-40 

5.  FOSSILIFEROLTS     LtHKSTOSfK 10-20 

€.  Btihrstone  and  iron-ore,,.,.. 1-1| 

7,  Shale ,. ,., „..,.,. 26 

8,  COAL  No.  C,     The  Kitt^inlng  Cannel  (equivalent  of  the  Cannel  of 

Peytona,  Virginia,  and  Darlington^  Pennsylvania).     [2] 3J 

9,  Shale^soft,  containing  two  beds  of  coal  I  to  2^  feet  thick.. 75-100 

10.  Sandstone..... ....,...,„. „ tO 

11.  Lower  Freeport  COAL  bed  Na.   D  [3] 2^ 

13,  Slaty  ^ndBlone  and  shale 60 

13.  Limestone,,.,,. ,»,.,,..„ ,..,,.,,,, 6-8 

14.  Upper  Freeport  COAL,  No    B  of  Lesley  [4],. « 

15.  febales .,.„.........., , » 60 


"  The  Upper  Coal  metuura  are  continued  in  Western  PenQsylvania^  to  the 
Pittsburg  coal,  inclusive,  as  follows : 

FEST. 

1.  MAiroNTKo  Sand^tonk. ...........,*•..... ........*..«.... t& 

2.  CO.IL  No,  F  [5].. 1 

3.  Shale;  Ibirkness  considerable ,     7 

4.  Sbnly  sandstone,..,,,.,,, *,^...  ...,*...* .«  30 

6,  Red  and  blue  calcareous  marl4,. 20? 

6.  COAL  No,  G  [6] 1 

7.  LimcKtone^  fos.«iiUferous , ^..     2 

8.  Slates  and  shales .„100 

9.  Oray,  clayey  sandstone ♦,..,  70 

10.  Red  marl'..! „„......  10 

11.  Shale  and  slaty  sandstone,.. ...^.  .......»,  ,.....*............* 10 

12.  Limestone^  non-fossiliferous.....^ 3 

13.  Shales ^  33 

14.  LimestooQ. ..♦♦,...,.,...„,.,.„„*..„♦ * 3 

15.  Bed  and  yellow  shale., 13 

16.  Limestone * ,..,     4 

17.  Shale  and  sand , 30 

18.  Iron-ore  (spaibic) 25 

19.  Limestoue,,,,, , „ l^lj 

20.  Pittsburg  COAL,  No.  H  of  Lesley  [U] 8-0 


I 
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"The  upper  pArt  of  the  Upper  Coal  meaturet  (ahore  the  Pittibiirg  bed)  in 
WeaierD  Peonsyliraoia  (Wajraeaburg,  Greene  County),  according  to  Lesley, 
includesi  commeaciDg  below : 

SbaTe,  btown,  ferrugtootis  and  sandy , ,♦»,♦ ,,..,.  36 

^odHooe,  graj  And  slat j * .>«. *».. 2b 

Shale,  yellow  and  brown ,,, , .,.  2o 

Lime^tone^ihe  GreAl  Limestone  south  of  PUUburg  (iooludlDg  two 

COAL  beds  2J  feet  and  I  foot) .»«.«-. ^..*. 10 

6,  Shale  and  sandt'tone ...»  17 

Limestone......... «4.«m«..« •......«.• .....^...^Mi..^^...  1 

Stjale  Olid  sandstone * «.. v,^.,*.......«..«...b... 40 

COAL,... „,  6 

9.  Shale,  brown  and  yellow.. « ,..„»*.«..„*.  ^. m...  10 

10.  Sandstone,  coarae,  brown. «., 36 

11.  Shale : ..•;;;:.... :;•,,•!...  1 

12.  COAL., ,,...„„ ^  IJ 

13.  Limestone  4  feet,  ahaie  4,  limestone  4,  shale  3« 15 

14.  Shale  10  feet,  sandetone  20,  ihale  10 «..* *,.  40 

15.  COAL..,.,,. , , 1 

16.  Sandstone  (at  Waynesbupg),  with  4  feet  of  shalo « 24 

'*  Sections  of  the  ntrata  of  Kentucky,  MiBaouri,  Ohio  and  Michigan  will  be 
found  in  the  Geolopcat  Heporta  on  those  StAtas^  and  otbert  of  Nova  Scotia,  in 
Dawson's  Acadian  Geoloj^y,  and  thi^  Quarterly  Journal  of  the  Geological  Society, 
1854,  paflje  tJO,  Mr.  Lvsqaerenx  has  published  a  moraoir  on  the  equivalency  of 
the  coal-bcels  of  the  United  States  in  the  Goologioal  Report  of  Kentucky. 

**The  relitionij  of  the  sandstones,  limestones,  and  dhiiles  that  alternate  with 
the  coal-beda  over  the  wide  region  stretching  from  the  Appalachians  we?t,  are 
bnt  partially  understood.  Although  thase  strata  seem  to  be  generally  limited 
in  range,  there  is  still  an  equiv'alency  to  be  ascertained  for  th**  h^wiIi*  ^licccssion. 
The  rocks,  aa  in  other  ages,  are  conseeutive  records  o I  the  i  'm  pt«riod; 

and,  until  fully  elucidated,  the  history  of  the   American  Cur  i.-^  era  will 

remain  imperfectly  known." 

Above  this  Paleozoic  Time,  and  these  CarboniferouB  Ages, 
the  Meaozoic  Time»  or  Reptilian  Age,  follows,  embracing  the 
Triaeyic,  Juraaaic  aod  Cretaceous  Periods,  which  are  reapect- 
ively  composed  of  the  Trias,  Li  a*?,  Oolite  atid  Wealden;  and 
the  Greensand,  Lower  Chalk  and  Upper  Chalk,  with  Flint 
formatioiia:  and,  lastly,  the  Cenozoic  Time,  or  Mammalian 
Age,  with  its  Tertiary  and  Po^t- Tertiary  Periods  of  Eocene, 
Miocene  and  Pliocene,  The  Porft-Tertiary  formations,  as 
before  stated,  should  be  avoided  by  miners. 

It  will  be  interesting  to  notice  the  sQCceasion  of  deposits 
above  the  firat  Azoic  secondary  primitives*  hardened  snrface, 
which  will  be  much  fiicilitated  by  referring  to  Webdter-s  Pic- 
torial Dictionary  of  1870,  where  these  strata  arc  illustrated 
end  explained  under  the  word  *' Geology/*  page  566.  The 
first  formation  is  that  of  the  peeoliar  rocks  of  the  Potsdam 
aandstone,  the  first  Calciterona  (limey)  sand-rock;  then  the 
Chazy,  Flag  and  Bird's-eye  limestones;  not  the  Utiea  ^hale 
and  Hndaon  River  Group*     These  were  probably  formed 
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during  the  cooling  from  the  warm  to  the  tepid  water  periods, 
by  almost  entirety  chemical  precipitation  of  carbonate  of 
lime,  in  comparatively  qoiet  and  sraal!,  but,  from  condensa- 
tion, rapidly  increasing  oceans  and  seas.  Thus  (favoring  a 
theory  that  has  been  folly  described),  the  ocean  water  over- 
flowing  all  the  lower  lands  of  the  world,  was  urged  with 
acceleration  forward  by  the  moon*s  atiracHon^  rounding  and 
sweeping  the  larger  Oneida  conglomerate  rocks  into  the 
hollows  and  flats.  The  ocean  beds,  by  straightening,  or  the 
mountains  by  arising,  or  both  in  conjunction,  must  have 
caused  the  withdrawal  of  the  water  trora  the  land  after  this 
period;  so  that  the  conimmtal  barriers  controlled  the  action 
of  the  moon,  and  re-obtained  a  mere  tidal  oscillation  and  a 
more  tranquil  state  of  the  waters.  Again,  sandstone  (the 
Medina)  appears,  as  a  recurring  precursor  to  a  new  scries  and 
recorder  of  a  change  of  water-level,  in  which  the  succeeding 
Clinton  and  Niagara  groups,  Saliferous  beds,  and  Holder- 
berg  group  were  deposited. 

This  is  to  be  noticed  for  Jirst  cMence  of  soli  in  the  Salif- 
erous beds,  which  may  have  been  supplied  from  the  forma- 
tion of  chloride  of  sodium  of  the  oceans,  afler  the  chhrkk  of 
ft'mehad  been  precipitated,  or  as  the  water  released  salt /rom 
a  eoMer  solaiioUy  which  it  had  not  previously  done  during  the 
Azoic  Time.  Again,  another  changing  of  the  water-level  is 
recorded  by  the  Oriskany  sandstone  and  the  Cauda-Galli  and 
Bchoharic  grits,  which  received  the  deposits  of  the  Upper 
Helderberg  limestones,  Marcellus  shale,  Hamilton  group, 
Genesee  slate,  and  the  Portage  and  Chemung  groups. 
Again,  the  Catskill  red  sandstone  covers  the  Devonian  Age 
of  fishes,  and  underlies  the  Sub-carboniferous  mountain  lime- 
stones, which  are  of  great  depth,  and  occupied  a  whole 
period  for  formation.  Again  is  evidenced,  by  the  general 
Millstone  grit  formation  that  preceded  the  coal  deposits,  a 
more  extensive  action  of  water  than  any  since  that  of  the 
Oneida  conglomerate.  On  this  Millstone  grit  the  thin  layers 
of  the  underlying  strata  of  the  different,  similarly  produced, 
successive  coal  measures  have  been  deposited. 

These  more  recent  throes,  or  shifts  of  the  earth*s  surface, 
have  been  so  varied,  in  innumerable  localities,  that  a  thou- 
sand geologists  would  fail,  during  the  collective   labors  of 
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their  lives,  to  fully  expose  the  subject.  We  may,  however, 
easily  perceive  that  a  slight  depression  of  the  more  exten- 
sive ocean  beds  would  cause  the  waters  to  recede  from  the 
much  smaller  areas  of  the  lowlands,  and  that  a  drop  of  but  a 
few  feet  of  the  mountains  would  again  submerge  coal-fields, 
for  a  repetition  of  the  proces^i.  That  such  has  taken  place, 
repeatedly,  is  as  certain  as  that  at  this  time  it  is  slowly 
changing  the  level  of  hundreds  of  miles  of  the  South  Ameri- 
can continent.  In  the  early  times,  the  crust  had  not  solidified, 
but  to  a  comparatively  slight  depth,  and  consequently,  the 
settlings,  or  deviations  from  surface  contour,  to  follow  the 
contracting  interior,  were  more  easily  accomplished  than  is 
the  case  now  with  the  deeply  solidified,  settled  shell. 

It  may  be  doubted  if  extensive  mountains,  apart  from 
volcanic  action,  have  at  any  time  really  arisen,  or  increased 
distance  from  centre,  seeing  that  their  height,  as  compared 
with  the  radius  of  the  earth,  is  but  from  two  to  five  miles  in 
4,000,  or  less  than  one  part  in  a  thousand  ;  the  whole  surface 
has  settled  much  more  than  this,  and  the  ocean  beds  by 
sinking  faster  than  the  mountains,  the  latter,  by  lagging,  only 
appear  to  be  elevated. 

In  view  of  these  unmistakable  facts — of  the  several  growths 
and  burials  of  the  coal  seams,  with  their  similar  anterior  and 
posterior  strata — it  is  far  more  natural  to  suppose  that  this 
difference  of  contractional  travel^  or  seiiUng  of  ike  surface^  had 
caused  these  changes,  than  the  real  uplifting  of  such  exten- 
sive regions ;  it  appears  strange  that  so  little  diiference  existed 
on  a  contracting  globe  of  such  diameter,  as  the  smallest 
metal  globe  shows,  on  solidification  from  molten  to  solid 
state,  a  very  much  greater  disparity.  The  American  conti- 
nent, by  lying  so  directly  across  ttie  attraction  of  the  moon, 
must  have  played  a  very  important  part  in  these  formations, 
as  a  trifling  difference  of  downward  travel  of  this  land,  or 
the  adjoining  ocean  beds,  would  have  flooded  the  whole  of 
the  lowlands  of  America,  as  Central  America  became  the 
flood-gate  or  barrier  of  the  world's  waters.  If  the  lowlands 
of  Europe,  Asia  and  Africa  were  at  the  same  time  sub- 
merged, the  ocean  would  follow  in  uncontrolled,  accelerating, 
circumnavigating  sway,  in  one  direction  after  the  moon  ;  and 
even  glaciers  would  vary  their  voyages  accordingly,  over 
many  strangely  abraded  routes.  4 
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The  CarboiiiferouB,  or  Coal  Age  formationa,  were  also 
created  and  deposited  much  faster  tban  we  can  imagine 
under  existing  circumstances.  The  northern  portion  waa 
then  warmer  than  the  tropica  are  now,  whilst  the  equatorial 
zone  wa3  too  hot  for  auimala  or  land  vegetables. 

The  waters  and  the  atmosphere  held  in  solution  and  sus- 
pension amazing  quantities  of  lime  and  carbonic  acid,  which 
ia  a  manner  forced  into  hfe,  and  fattened^  the  organisms  that 
flourished  in  the  congenial  warmth  and  continual  moisture 
whicli  overshadowed  the  alluviumi^  of  the  eteaming  earth, 
and  its  tepid  waters;  so  that,  in  proportion  to  the  necessity 
for  its  removal,,  was  it  as  speedily  accomplished,  and  its 
oxjgen  released  for  the  ample  support  of  animal  life. 

The  accompanying  map  of  the  Coalbrook-dale  Coal-field, 
Englandj  from  the  surveys  and  drawings  of  Marcus  W.  T, 
Scott,  F."  Q.  8.,  Mining  Eugineer^  will  very  fally  illustrate" 
the  actual  present  positions,  and  the  varied  shifts  that  have 
occurred  since  the  growth  and  original  deposit  of  these 
extensive  coal  measures.  It  exposes,  to  a  remarkable  degree, 
the  wonderful  commotion  that  then  existed  in  a  country  that 
baa  settled  into  complete  tranquility  during  the  historical 
ages,  and  shows  the  difterences  of  the  consecutive  inter- 
vening strata,  as  compared  to  the  American  measures. 

During  the  subsequent  and  historical  periods,  the  crust  of 
the  Earth  had  attained  a  sufficient  thickness  of  cold  and  solid 
material  to  resist  this  hitherto  irresistible  side  compression, 
that  caused  the  first  innumerable  corrugations;  then  partial 
volcanic  action  invaded  certain  regions,  to  relieve  the  interior 
from  pent  up  gaseous  elements,  which,  forcing  out  consid- 
erable fluid  matter,  through  the  few,  somewhat  distant,  and 
restricted  discharge-holes,  these  mountains  arose,  as  the 
ejected  matter  solidified,  and  built  them, 

^' And  Gud  SAJd^  let  ua  mnke  man,  in  our  image,  after  our  tikcne^J  :  and  It^t 
tbetn  Imve  dominion  over  ike  fisk  of  tbe  sen,  and  over  the  fowl  of  the  air,  and 
over  ibe  catiJe,  and  over  tiU  Ihe  earth ,  ftnd  over  evefj  creeping  thing  that 
creepeth  upon  the  earth. ^'  Genesitj  idiup,  I,  verse  2G 

''  Thus  th€  heaTena  and  the  earth  were  fimahedi  and  all  the  ho$t  of  them." 

Gmcsiii  chap.  11^  verse  1- 
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CHAPTER  IV. 


NEW  THEORIES  FOB    BABTHQUAEBS. 

Many  theories  have  been  suggested  for  the  cause  of  earth- 
qaakes,  and  that  of  compressed  steam — as  created  by  high 
temperatures,  in  confined  cavities — suddenly  finding  vent, 
has  been  generally  most  favored. 

It  is  not  my  business  to  expose  this,  or  describe  the  many 
others;  but,  as  I  cannot  see  that  they  would  create  such 
peculiar  motions  and  effects  as  we  have  been  but  too  familiar 
with,  I  will  offer  two  new  theories,  which  appear  more  con- 
sistent, for  the  sudden  presence  of  such  powers,  the  astound- 
ing motions  created,  and  terrible  effects  produced. 

FiRsr  Thbobt. — In  Chapters  I  and  II,  it  was  argued  that 
a  sphere  of  the  size  of  the  earth,  would  first  solidify  at  the 
sarface,  and  that  many  extensive  portions  of  the  earth's  outer 
shell  are  actually  arching  over  immense  vaults  of  subter- 
ranean regions,  and  numerous  volcanoes,  with  their  rivers 
and  lakes  of  lava.  Some  of  these  may  discharge  from  con- 
tinual outlets,  whilst  others,  would  occasionally  burst  forth 
with  amazing  strength,  at  this  depth,  and  hurl  immense 
quantities  of  lava  upwards,  to  strike  the  interior  of  the 
upper  crust  with  sufiicient  violence  to  produce  what  are 
termed  earthquakes.  Now,  the  Andes  and  many  others  of 
the  highest  mountains  have  had  their  very  summits  studded 
with  volcanic  peaks,  and  it  is  well  known  that  some  of  the 
more  extraordinary  throes  of  high  surface  volcanoes  have 
discharged  thousands  of  feet  above  their  summits,  and  cov- 
ered extensive  countries  with  their  diminishing  rocks  and 
debris ;  so  that  should  this  deeper  and  much  stronger  poXver 
be  applied  under  an  irregularly  shaped  stalactUic  hollow 
sphere,  the  central  npward  motion,  so  often  noticed,  would 
be  first  felt  by  the  transmission  of  the  blow,  in  a  straight 
line  to  all  points,  as  proven  by  ordinary  concussion  ;  whilst 
the  wave  would  diverge  with  varying  undulations  of  this 
comparatively  thin,  unsupported  and  more  easily  shaken 
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ehelL  A  rjiiick  repetition  from  this  same  centre  would  creli 
a  similar  wave,  whilst  other  craters  of  the  vicinity,  would  at 
times  burst  forth  simultaneously,  and  create  the  cross  or 
conflicting  waves  gometimea  noticed,  when  monuments  and  ■ 
chimneys  are  twisted.  Or  this  varied  action  may  be  pro- 
duced by  several  subterranean  peaks  Inirsting  forth,  urged 
liy  the  more  profound  common  power,  and,  from  their  differ- 
ence of  elevation  or  ppecd  of  discharge,  would  etrike  at 
slightly  ditt'crent  times  and  slopes^  during  such  general  bont- 
banlments  of  the  outer  phell  or  surface  crust  of  the  eaith. 

This  would  have  produced  similar  effects  to  the  severe 
shocks,  of  forty  seconds'  duration^  and  thoF-e  that  followed 
for  several  Jays,  in  1868,  at  San  Francisco.  It  does  not  follow 
that  because  some  large  vaults  exist,  that  all  the  interior 
shnuld  be  thus  vacated  ;  tor  sacli  eaniiot  be  so,  as  the  day- 
light volcanoes  do  not  act  togctlier,  unless  in  close  prox- 
imity. It  is  probable  that  these  hollows  mostly  intervene 
between  the  sul>terraiiean  rests  of  the  mountain  ransres  and 
the  gradually  subsiding  ocean  beds  and  extensive  plains* 

This  theory  possesses  the  advantages  of  tangible  praciieal 
agencies  which  are  known  to  exist,  and  conclusions  founded 
upon  snlje^tantial  reasons.  Yolcaoic  action,  once  much  more 
general  at  the  surface  than  now,  has  naturally  retired  with 
decreasing  temperature  to  its  more  suitable  subterranean 
regions,  to  dischaige  into  these  vaults,  leaving  but  a  few 
necessary  external  escapements,  in  the  form  of  long  dormant 
volcanoes;  whilst  othei's  atill  discharge  from  the  solid  support- 
ing points  of  the  living  mountains  tliat  are  connected  witk^ 
the  deeper  interior  by  separate  passages.  ■ 

The  tact  of  the  existence  of  such  hollows  is  least  substan- 
tiated ;  but  everj  thinking  man,  who  has  been  accustomed 
to  earthquakes,  must  know  that  such  umhdating  waves  as 
accompany  severe  shakes  could  not  be  produced  on  a  solid 
sphere,  and  that  it  is  simply  absurd  and  contrary  to  the 
observations  and  laws  of  contraction,  even  on  the  small  scale 
with  single  liomogeneous  materials,  to  suppose  that  the  still 
red-hot  interior  has  ceased  to  contract  because  its  surface  is 
fold  and  solid.  Xo  man  who  credits  the  igneous  theory  can 
doubt  that  a  hot  interior  of  nearly  8,000  miles*  diameter  has 
contracted  during  refrigeration,  and  that,  like  smaller  metallic 
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globes,  the  surface  becoming  cold  before  the  interior,  the 
extent  of  such  cavities  would  be  proportionate  to  the  sizes 
of  the  contracting  bodies.     (See  foot  note  at  page  20.) 

Although  the  theory  just  Sescribed  may  fully  account  for 
the  frequent  strong  actions,  which  recur  at  certain  places, 
where  the  volcanic  agencies  are  most  concentrated,  I  am 
convinced  that  another  principle  of  action  must  cause  the 
isolated  shakes  which  are  occasionally  felt  everywhere,  in 
all  formations,  throughout  the  world. 

Second  Theory. — Based  on  the  following  axioms. 

The  surface  is  colder  than  the  interior. 

Difference  of  temperature  cannot  exist  without  corresponding 
mequalUy  of  motion^  during  general  contraction^  as  produced  by 
refrigeration  and  gravitation,  as  described  in  past  chapters. 

l^his  unequal  speed  of  shrinkage  of  sections  in  contact,  must 
produce  great  compression,  violent  jarring,  with  much  friction,  and 
heal  heat 

In  the  first,  second,  and  third  chapters  of  this  section  it  was 
demonstrated,  that  the  gradually  cooling  globe  would  first 
solidify  at  and  near  the  surface,  and  that  the  hotter  still 
plastic  and  molten  interior,  in  lessening  its  diameter,  would 
leave  this  shell  to  sustain  itself,  under  the  enormously  pow- 
erful action  of  gravitation.  This  internal  support  being  thus 
removed,  the  rocks  of  the  crust  were  insufficient  to  support 
the  prodigious  side  pressure  thus  created,  and  the  mWd 
surfiice  crumbled  or  became,  under  pressure,  again  plastic, 
at  the  lines  of  least  resistance  where  the  corrugations  of 
mountains  and  valleys  were  formed ;  and  the  surface,  circum- 
ference, or  area,  being  thus  reduced,  the  remaining  portions 
then  settled  down  to  re.-t  on  the  interior  as  before,  until  a 
repetition  ensued.  Xow,  in  modem  times,  this  shell  has 
become  so  thick  that  it  almost  sustains  itself,  although  slight 
changes  are  still  occurring. 

Before  entering  upon  the  particular  principles  of  this 
second  theory,  you  should  in  arldition  to  the  above  effect:?  of 
apparent  upheaval  and  subsidence,  produced  by  contraction 
and  gravitation,  fully  understand  anfAlu^r  rejfultaid  motion, 
which  must  inevitably  occur  just  at  the  moment  when  the 
mountains  were  suddenly  forced  into  shape  by  the  surround- 
ing lateral  pressure  ^  which  is  that  of  the  cquaUg  sudden  rnoti- 
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went  of  tlic   niichanired   adjacmi  coitrdn/  and  Us  mounfa 
towards  the  aggregated  and  thickened  compressed  mass  of 
new  mountains  thus  fomied*     The  total  extent  of  this  circum'  m 
ferenMat  motion  will  also  be  more  than  thrice  that  of  the 
dimnetricai  contraction  of  the  interior. 

With  these  fact^  before  ns,  we  will  suppose  that  at  a 
Buitalrle  depth,  where  the  rock  has  also  solidified,  an  inner 
hollow  globe  is  now  undergoing  similar  changes  from  con- 
traction, etc.,  and  forming  Buhterranean  mountains  ;  so  that 
when  a  mountain  range  is  thus  suddenly  shaped  by  this 
astounding  crushing  power  it  would  f>m7rp  agmnst  the  outer 
shelly  whilst  the  adjoining  Bide  ranges,  by  advancing  towards 
the  crushed  plastic  mass,  would  also  rub  yiolently  against  its  ■ 
irregular  slalactitic  interior  and  thus  produce  the  peculiar 
varieties  of  earthquakes  ;  shock,  sway,  and  wave. 

Another  consequent  effect  of  this  pressure  will  be,  to  create 
and  sustain  volcanic  heat,  and  cause  the  metamorphism  of 
rocks. 

All  %*olcanoe8  discharge  more  or  less  steam,  and  it  has  been 
therefore  supposed  that  proximity  to  water  is  a  necessity 
of  their  existence,  but  the  very  nms  of  the  oceanic  basins 
where  tliey  generally  lie,  have  been,  and  are  being  formed, 
by  that  same  compression  w^hich  creates  and  sustains  their 
heat,  whilst  the  hydrogen  of  this  water  may  have  proceeded 
from  the  interior  of  the  Eaith,  where  under  suiJicieut  pres- 
sure it  may  lie  in  liquid  or  solid  state  until  it  is  by  some 
mean;*  removed,  when  it  might  create  even  the  ejeetive power^ 
whilst  tiie  actual  water^ — derived  just  like  that  of  the  ocean 
Itself  from  tliia  internal  source — was  but  tlie  product  of  com- 
bustion with  atmospheric  oxygen,  at  or  near  the  orifice. 

Since  my  tirst  edition  was  published,  where  this  was 
alluded  to,  the  spectrum  has  proven  that  explosions  of  burn- 
ing hydrugen,  are  of  frequent  occurrence  in  the  sun,  where 
it8  peculiarly  colored  Hume  is  seen  to  shoot  out  mul  upwards 
in  vast  volumes  for  scores  of  thousands  of  miles  ;  which  is  a 
perfect  demonstration,  that  hydrogen  must  be  a  heavy  liquid 
or  solid  under  suitable  conditions;  tor  when  freed  it  becomes 
the  lightest  of  all  the  known  gases,  and  could  not  in  such  a 
state,  deseendj  so  as  to  burst,  in  this  striking  manner,  from 
beneath  the  burning  mass  of  the  sun. 
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CHAPTER   V. 


FORMATION  OF  "TRUE  FISSURE  VEINS "  IN  THE  AZOIC  AND  META- 
MORPHOSED PALEOZOIC  ROCKS — OF  CONVBROINa  OR  WBDGB 
VEINS  IN  THE  CONVEXBD  UPPER  SECTIONS  OF  UPHEAVED 
BED-ROCK — OF  VEINS  THAT  ARE  MORE  OR  LESS  CONFORM- 
ABLE TO  THE  GENERAL  CLEAVAGE  OF  THE  TILTED  STRATUM, 
IN  THB  SEAMS  OF  WHICH,  GANGUB,  MINERALS,  AND  METALS, 
HAVE  BEEN  DEPOSITED — OF  VEINS  THAT  INTERVENE  AND 
SEPARATE  DIFFERENT  STRATA,  AS  GRANITE  AND  SLATE,  OB 
SLATE  AND  LIMESTONE,  ETC. — OF  GASH  VEINS — OF  CROSS- 
COURSES — OF  SLIDES — OF  DIKES — OF  CARBONAS,  BONANZAS, 
POCKETS,  AND  FLOORS — OF  IRREGULAR  SUBLIMATIONS,  ALLU- 
VIAL DISTRIBUTIONS,   AND   SEDIMENTARY  DEPOSITS. 

TRUE  FISSURE  VEINS. 

The  formation  of  fissure  veins  is  as  much  exposed  to  spec- 
ulative theories  as  earthquakes,  and  even  more  difficult  for 
solution.  Although  it  appears  probable  that  many  of  the 
true  fissures  were  first  formed  by  the  repeated  violent  cou- 
cnssions  called  earthquakes,  yet  so  many  stumbling-blocks 
obstruct  the  path  of  argument,  that' it  appears  impossible  to 
travel  fix)m  this  cause  to  the  various  efiects  produced,  in 
the  extensive  systems  of  mineral  veins. 

It  is  easy  to  account  for  one  fissure  being  formed  in  front 
of  a  hill  or  mountain,  in  a  line  of  least  resistance,  or  even  on 
the  more  regular  plain,  which  has  been  thus  accomplished  in 
our  day  a6d  locality ;  but  when  the  ramifications  of  a  veiy 
numerous  system  of  veins  are  exposed  before  us,  with  their 
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ever  van'ing  sizes,  <Ureeticnis,  dips,  angles  and  spurs,  intw^ 
BectioDs  and  crossings,  both  lineally  and  vertically,  as  they 
He  in  strata,  it  is  almost  impossible  to  fully  comprehend  this 
labyrinth  of  wondrous  work. 

It  is  probable,  that  as  so  manj^  of  tlie  systems  of  niiiiera 
veins  are  situated  in  low  fronts  of  mountains?  and  hills,  thai 
Buch  iTiountains,  by  continuing  downward  to  the  interior,  a 
previously  described,  may,  hy  formuu]  (he  solid  rmm/in  to  the 
Bobterranean  hollows  under  the  tlat  portions  of  the  surface, 
create  fissures  at  this  hinging  point,  during  the  action  o: 
waves  produced  by  eaithqiiakes,  as  they  approach  and  frac- 
ture on  the  mountain  shore. 

Again,  it  may  be  that  similar  waves,  proceeding  from  a 
more  oblique  centre,  may  have  produced  the  diagonal  veins 
and  cross-courses;  wliilst  tlie  settling  of  the  mountain  during 
these  shakes,  from  its  superior  weight,  created  the  elides;  and 
the  direct  upheaval  of  igneous  power,  exerted  immediately 
below,  caused  the  fracture  of  the  larger  dikes,  and  tilled 
tliem  with  igneous  matter. 
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Suggested  by  the  presence  of  these  igneous  dikes,  meta- 
morphisni,  and  the  numerous  veins,  with  the  crumpled  and 
crushed  appearance  of  tlie  rock  of  such  sections,  may  be 
illustrated  by  supposing  that  a  second  heating  of  the  cold  and 
solid  crust  occurred,  as  caused  by  enormous  lateral  pressure 
of  the  earth's  surface,  just  at  thcfie  places,  or  from  the  near 
approach  towards  partial  invasion  of  this  particular  portion 
of  the  surtace  by  subterranean  beat;  for  as  the  expansion 
caused  by  beat  is  unlimited,  and  all  side  extension  w^as  pre*B 
vented  by  surrounding  rock,  the  warmed  portion  would 
occupy  the  same  space  as  before,  and  would  shrink  on  cool- 
ing, in  proportion  to  its  extent  and  degree  of  warmth, 
form  the  various  iissures,  as  large  or  larger  beiow  as  above, 
and  account  for  otlier  diflercnces  in  the  appearance  and  crys- 
tallization of  rocks,  peculiar  to  such  districts. 

In  this  proposed  theory,  which  I  believe  is  new,  the  alter 
expansion  w^ouhJ  be  the  ruling  power  in  the  formation  of 
fissures;  and,  consequently,  at  the  time  each  vein  was  frac- 
tui*ed,  the  line  of  contraction  would  be  at  or  about  right-angles 
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^lerewith,  and  the  variation  of  the  position  or  extent  of  this 
second  heat  would,  by  causing  ditterent  lines  of  expansion 
and  contraction,  form  fissures  that  partook  of  correspondingly 
different  bearings  to  those  previously  created.  Earthquakes 
\%'Ould  then  but  assist  and  modify  these  results. 

This  principle  of  the  second  warming  of  certain  spots  of  the 
liitherto  simultaneously  cooling  globe^  has  also  been  a  leading 
power  in  upheaving  whole  districts  of  mounds  and  moun- 
tains in  volcanic  regions;  and,  in  such  positions,  the  contrac- 
tions have  also  produced  veins  during  the  second  local  and 
more  speedy  refrigeration  ;  but  the  rock  is  of  the  wrong  kind, 
or  the  base  mineral  elements  are  too  much  scattered  and 
sealed  by  fusion,  to  be  present  in  the  veins,  for  the  subse- 
quent precipitations  from  the  collecting  solvents,  as  in  the 
more  ancient  metalliferous  strata. 

Veins  have  been  occasionally  fractured  at  the  line  of  least 
resistance,  by  earthquakes,  and  opened  by  recedence  of  the 
outlying  flat  from  a  mountain's  frontage ;  at  other  times,  by 
fracture  and  subsequent  divergence  of  the  walls,  as  the  rock 
was  convexed  during  the  uplifting  of  hills  over  igneous 
action,  and  by  independent  fractures  which  may  extend  for 
miles.  But  such  formations,  either  from  want  of  age  or  from 
traversing  modem  strata,  have  seldom  produced  profitable 
quantities  of  the  base  minerals. 

CONFORMABLE,  CONVERGING,   WEDGE,   OR   "SEGREGATED*'    VEINS. 

These  very  numerous  and  universally  distributed  veins  lie 
between  the  divisions  of  stratified  rocks,  as  gneiss  granite, 
clay-slate,  etc.  They  are  seldom  of  great  length  or  size,  and 
are  always  nnreliable,  for,  the  wedge  like  space  between  the 
walls  of  the  cleavage  of  the  upturned  stratum,  rauift,  from 
necessity,  diminish  by  becoming  flatter  and  closer  in  depth. 

In  gold  and  silver  regionii,  with  other  conditioa^,  they  con- 
tain gold  and  silver,  but  are  generally  worked  at  a  lo^  when 
tbieUy  confarmmg  with  the  dicvuirms  of  the  stratum. 

The  largest  and  most  profitable  veins  are  those  which  have 
been  formed  by  more  extensive  contraction,  acting  in  a  direc- 
tion at  right^angles  to  the  general  ran  of  the  granitic  moun- 
tain, or  spur,  (that  caQ.«ed  the  tilting  of  the  slate,;  which 
may  have  been  suddenly  consummated  by  the  iuimediate 
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assistance  of  earthquakes ;  such  veins  are,  also,  conformable 
to  the  cleavage  of  the  stratnin  for  short,  suitable  distances, 
but  take  a  separate  path  in  those  more  general  sections  that 
deviate  in  direction  or  dip  from  the  lines  of  least  resistance  at 
the  moment  of  fracture.  That  isj  the  plane  of  the  fracture 
caused  by  contraction  and  shake,  although  frequently  swerved 
by  cleavage,  would  invariably  return  to  its  own  original 
coarse  when  more  direct,  which  icould  alwat/s  be  the  richer 
paymg  section  of  the  vein,  because  it  partook  more  of  the 
principle  of  true  fissure,  and  not  only  was  enriched  by  the 
numerous  feedings  of  several  of  the  divisions  of  the  etratum, 
during  its  diagonal  passage,  but  it  consequently  held  its  size 
and  quality  for  greater  length,  and  in  depth.  Too  much 
consequence  cannot  be  attached  to  these  facts  by  tlie  gold  and 
silver  quartz  miner;  for  even  here  the  advantages  derived 
from  deep  and  extensive  fracture,  which  resemble  the  true 
fissure  system,  are  most  readily  seen  by  comparison.  fl 

Atiother  example  of  converging  or  wedge  veins  would  be 
when  igneous  action  uplifts  a  small  district,  so  that  an  orig- 
inally flat  piece  of  country  becomes  eonvexed  at  the  surface, 
when  consequent  iractures  would  necessarily  tbrm  diverging 
walls  from  the  centre  of  action,  which  apace  being  filled  by 
sublimation  of  the  oxides  of  base  minerals,  and  the  deposi- 
tion of  subsequent  compounds,  would  form  veins,  either  with 
or  across  the  stratification,  according  to  the  position  of  the 
original  deposit  of  bed-rock.  Here  botli  the  actions  of  diver- 
gent separation,  and  the  subsequent  contraction  of  the  warinfl 
district,  were  in  power.  In  such  positions,  the  depth  and  size 
will  vary  with  the  distance  from  centre  of  motion.  A  remark- 
able illustration  of  this  may  be  seen  in  the  small  foot-hillocks 
fronting  the  Trinity  Mountains,  of  the  Arabia  District,  near 
Oreana,  Humboldt  county,  in  the  State  of  Nevada,  where 
there  is  quite  a  system  of  such  veins^  which  contain  con- 
siderable quantities  of  ferruginous  argentiferous  lead  and 
antimony. 


OF    INTERVENTNa  VEINS  BETWEEN  DIFFERENT  8THATA. 


It  frequently  happens  that  one  stratum,  or  dike,  or  broad 
channel  of  rock,  recedes  very  gradually,  by  force  of  contrac- 
tion or  settling  of  the  adjoining  plain,  from  another,  and  the 
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itenrening  space,  in  old  formations,  is  afterwards  filled  with 
^quartzose  or  other  gangue,  whilst  the  mineral  components 
are  obtained  from  the  adjoining  strata,  and  deposited  by  infil- 
tration ;  or,  when  over  igneooa  positions,  by  intraaive  action 
and  sublimation  modified  by  after  solvents  and  precipitunts* 
In  "true  fissure  vein'*  districts^  such  are  more  generally 
despised  than  wrought;  in  fact,  the  more  effective,  deep  con- 
tractive action,  that  produced  the  true  fissure  veins,  has,  by 
thus  using  up  this  power,  almost  entirely  prevented  these 
formations,  which  are  more  generally  present  where  other 
veina    either  run  nearly    at   right-angles,   are   scarce,    far 
removed,  or  entirely  absent.     In  some  instances,  where  a 
compact  primitive  rock  mountain  slopes  at  a  steep,  regular 
declivity,  and  is  fronted  by  a  broad  belt  of  porous  metamor- 
phosed rock,  a  partial  decompo.-^ition  of  the  rock  ensues^ 
when  probably  the  released  alkali,  being  carried  with  the 
water  to  the  more  solid  face  of  the  mountain,  meets  and  pre- 
cipitates the  minerals  upon  this  water-tight  foot  wall. 

Silver  and  gold  have  been  sometimes  found  in  such  posi- 
tions, in  very  profitable  quantities ;  but,  for  reasons  that  will 
i>e  explained  in  chapters  devoted  to  these  purposes,  although 
tbe  vein  will  attain  considerable  size,  it  will  possess  no  upper 
wall,  the  foot  wall  will  not  he  well  or  regularly  defined,  and 
it  will  not  produce  8ufl[icient  quantities  of  base  minerals  to 
pay  profits,  to  large  mining  companies. 

OASH    VEINS. 

This  class  of  veins  may  be  found  in  all  sedimentary  deposits, 
and  may  be  compared  to  the  ordinary  cracks  that  are  to  be  seen 
intlried  or  contracted  mud-beds,  which  over-lie  another  dif- 
fereut  formation.  They  are  merely  caused  by  directly  local 
contraction  of  the  single  stratum,  as  it  dries  or  hardens  by 
iiatural  warmth  of  the  atmosphere,  or  is  baked  into  rock  by 
^fl<lerlying  igneous  influence. 

Although  each  successive  layer  of  particular  stratum  may 
be  separately  fissured,  the  veiuB  never  continue  {unless  by 
chance)  from  one  stratum  into  the  other,  or  extend  for  any 
iistance;  so  that  profits  should  be  expected  more 
iie  numbers  of  such  than  from  a  single  limited  vein. 
Thin  floors,  or  horizontal  seams  of  mineral,  generally  prevail 
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ill  tlie  divisions  of  the  stratum  of  such  formations,  whic 
frequently  increase  the  sujiply. 

CKOSS-COURSES 

Are  transversely  fractured  fissurea,  of  more  recent  origir^ 
than  the  regular  veins,  on  wliieh  the  previously  formed  veinas 
necessarily  slide,  to  accommodate  the  varied  contraction  o:tf 
tlie  country  that  contains  the  whole  system  of  veins,  cros*— 
courses  and  slides.  They  are  generally  advantageous  feedens 
for  the  copper  and  tin  deposits  of  regular  veins,  thougli, 
within  themselves,  invariably  poor  for  these  minerals. 

Near  the  copper  and  tin  veins  of  Cornwall  and  Devonshire, 
in  some  of  tliese  cross-v'eins,  or  courses,  when  more  than  one 
mile  from  the  granite  and  sections  still  furtlier  away,  h 
suitable  stratum^  the  best  lead  mines  are  situated. 


SLIDES 


1 


Ai-e  still  more  recent  fractures,  very  uniform,  and  of  smaller 
size  than  ** cross-courses/"  They  contain  more  clay,  and 
less  quartz  and  mineralj  are  not  so  extensive,  and  dip  less. 


DIKES 


Are  different  to  all  these;  generally  mnch  larger,  compos 
of  a  yellow  or  blue-colored  feldspathic  finely  crystainze* 
i^fueous   rock.      Thev  have  in   some  way  mineralized  the' 
veins,  but  now  contain  little  or  none  in  themnelves. 


CARBONAS,    BONANZAS,    POCKETS,    FLOORS,    AND    DEPOSITS. 


I 


Qirbojia  is  a  word  ranch  used  in  the  w^est  of  Cornwall,  fo! 
pockets  of  tin  ore  that  are  found  on  either  side  of  the  lodes 
in  the  adjacent  country  rock,  wliich  are  connected  wilti  the 
otlierwise  mineralized  veins  by  very  small  strings,  vughe,  or 
branches,  w-hich  enlarge  suddenly  to  form  the  carbon  as.     The 
expression  is  confined  to  such  positions  as  offshoots  from 
otherwise  generally  mineralized  vein,  and  to  the  more  co 
pact  bodies,  and  not  to  branches,  isolated  pockets,  or  sepi 
rate  deposits. 

AUhougli  such  have  been  found  all  over  Cornwall,  they 
are  more  particularly  displayed  in  frequency,  size,  and  richeS|^ 
in  the  districts  of  St.  Ives,  and  Lelant;  where  the  otherwisiH 
moderate  ordinary  profits  derived  from  the  lodes  are  some- 
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times  increased  to  an  extraordinary  degree  by  these  carbonas. 

These  districts  may  be  considered  one,  as  they  lie  connect- 
edly on  the  northern,  eastern,  and  southern  slopes,  of  a 
granitic  crescent,  formed  by  the  several  small  mounds  called 
Kosewall,  Knill's  Steeple,  Trencrom,  and  Trink  Hills. 

At  the  eastern  end  of  Rosewall  Hill,  the  Rosewall  Hill 
Mine  is  situated,  and  these  veins  continue  east  into  the  St. 
Ives  Consols  mine,  which  has  yielded  large  profits  from  the 
principal  lode,  as  frequently  assisted  by  numerous  ramifica- 
tions of  rich  network  veins,  and  these  carbonas.  One  of  the 
latter,  happening  to  be  under  the  house  of  a  poor  man,  the 
dues  (of  probably  but  one-eighteenth  of  the  total  value) 
placed  him  suddenly  in  luxurious  circumstances.  These 
veins  then  pass  through  Wheal  Treuwith  into  the  sea. 

The  next  celebrated  carbona  mine  is  the  Wheal  Provi- 
dence, on  a  parallel  lode,  situated  about  one  mile  south 
from  this,  which  runs  from  Knill's  Hill  into  the  sea;  their 
profits  and  market  value  having  been  repeatedly  influenced 
ty  similar  discoveries.  The  flanks  of  these  hills  have  been 
much  broken  or  crumbled,  and  the  rock  that  adjoins  the 
veins  is  often  found  either  decomposed  or  decomposing. 

The  Bonanzas,  of  Mexico,  have  a  similar  but  more  extended 
meaning,  as  they  apply  to  all  positions  in  stratum,  both  when 
attached  and  when  detached  from  veins. 

Pockets  lack  veinous  appearance  and  continuance,  are  of 
irregular  shape,  and  occupy  all  positions. 

Floors  differ  from  these  by  filling  the  spaces  letl  between 
horizontal  faces  of  stratum,  or  strata,  and  are  often  very 
extensive. 

Deposits  are  such  as  must  have  been  concentrated  by  the 
sublimation,  alluvial  water- washing,  infiltration,  or  precipi- 
tation of  considerable  quantities  of  minerals,  on  a  certain 
spot,  or  into  a  suitable  receptacle  of  bed-rock. 

Those  of  sublimation  would  apply  to  the  volatile  and  con- 
densable minerals,  as  the  deposit  of  cinnabar  of  the  New 
Almaden  Quicksilver  Mines,  and  to  the  sublimations  of  lead 
and  antimony  at  the  Montezuma  Mine,  already  described. 

The  alluvial  deposits  are  the  oxide  of  tin,  the  gold  of  the 
placer  diggings,  platinum,  etc. 
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Ihose  of  infiliraiiony  ami  precipitation,  will  include  all  such ' 
as  must,  from  the  peculiarity  of  their  bod-rock,  have  been 
thus  deposited. 

T/u:  sedimental  deposits  will  be  geuerallj  found  in  horizoritalj 
layers,  underlying,  and  more  or  leas  conformable  to,  the  coal] 
nieaeurcs. 

There  ia  atill  another  class  of  veins  which  must  not  be ' 
forgotten,  as  they  are  equally  well  defined,  and  cix>p  but  too 
boldly,  as  embossed  burlesques  of  all  serious  consideration   of 
this  subject;  reminding  ua  that  man's  comprehension,  of  even^ 
the  inanimate  creations  of  the  Supreme  Architect  of  th€ 
Universe,  is  extremely  limited, 

I  allude  to  the  veins,  angles,  and  spurs ;  deflections,  com- 
parative bearinga,  and  dips;  junctions,  intersections,   and, 
variations  ;  contractions,  enlargements,  and  pocketa  ;  cross- 
courses,  elvans,  dikes,  and  slides;   with  every  variety  oi 
heave,  shift,  or  slide,  which  are  also  present  in  those  wonderful  J 
miniatures  of  the  larger  systems  of  veins,  so  frequently  seen! 
in  the  small  water-washed  bowlders  taken  from  the  pebbled 
shores  of  suitable  formations  of  all  ages  of  rock,  as  well  aa 
eimilar  miniatures  in  small   stones  extracted  from  veins.. 
These  could  not  have  been  formed  by  any  means  yet  sug-! 
gested,  and  it  must  be,  therefore,  admitted  that  the  law  ial 
utterly  unknown  that  governs  the  creation  of  such  diminished 
fac  simiks  of  lodes,  cross- courses,  dikes,  and  slides. 

Silicic  acid,  and  all  the  components  of  the  other  gangue 
stones,  appear  to  be  urged  by  some  subtle  power  to  aggregate 
and  arrange  themselves  in  such  ramifications  ^ith  other  bed*| 
rock  matter,  and  on  this  small  scale,  to  a  mucll  more  genera 
extent  than  in  true  fissure  vein^;  and  the  question  arisesgj 
whether  or  not  the  principle  extends  throughout  all  the  inter 
mediate  stages  from  the  small  to  the  large  scale  r 

If  contraction  of  the  surtace  is  the  fabricator  of  small  and 
large  fissures,  why  are  the  intermediate  stages  not  thus  inter 
laced  by  fissures  iu  similar  rock?  Again,  why  should  thi 
true  fissure  districts  alone  exhibit  this  pheuumenon  on  th^ 
large  scale,  whilst  all  kinds  of  veins  show,  mora  or  le^js*  the.i 
features  in  small  stones^  taken  from  such  veins  ?  It  is  posdibld 
that  the  deep-seated  fracturing  power  peculiar  to  tlie  tra| 
fissure  system,  by  allowing  greater  freedom  for  more  eqaa 
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CHAPTER  VL 


THE    SUPPOSED   ACTIONS   AND    REACTIONS   THAT    HAVE   BEEN   A! 
ARE     CONTINUALLY     TAKING       PLACE     IN      MINERAL     VEINS 
POCKETS,    AND    DEPOSITS — HOW    MINER?*  LS    WERE    FORMED — 
HOW  GOLD,  PLATINUM,  AND  SIMILAR  METALS,  WERE  FORMED. 


Tn  the  consideration  of  these  subjects,  we  had  better  star 
from  the  period  when  t!ie  base  metals^  and  even  the  preeio^L 
metals  of  to  day,  were  ohloridized  or  oxidized  by  immeasiirabt 
long  fufiion  imd  refri^G^eration,  in  presence  of  chlorine  and 
ox^^gen  from  the  atmosphere  that  enrronnded  tlie  red-hot 
surface  of  the  earth,  as  described  in  Chapter  II.  On  refer- 
ring  to  page  24,  Cliapter  I,  it  will  be  seen  that  nearly  half 
the  weight  of  the  "bed-rock"  is  oxygen,  still  leaving  a  sur- 
plus in  the  atmosphere,  and  that  these  lighter  metals  and 
oxygen  formed  the  entire  priniiti  ve  rock  snrfjiec  of  the  Earth.* 

Thus,  everything  of  a  tixed  chanieter  that  existed  was  ari^ 
oxidized  metal,  of  low  speeific  gravity.  General  iguition,^ 
and  long-continued  natural  causes,  have  produced,  on  this 
massive  scale,  precisely  what  might  have  been  expected  from 
the  every-day  experience  of  tlie  chemist;  and  lire  has  thus 
supplied  the  world  with  similarly  simple  comppunds — the 
oxides  of  all  the  niotals— which  were  more  or  less  distrib- 
uted throughout  and  over  the  primitive  rock  formations,  thus 
pronding  for  the  more  diversified  future  developments,  wheu 
general  reaotiona  resulted  at  appropriate  times,  nnder  suit- 
able conditions  of  pressure,  and  consequent  temperature. 

Another  tavoring  reason  for  this  is,  that  the  useful  ruetal8, 
being  all  much  heavier  than  those  that  formed  these  rocks,| 
could  not  have   reached  the  snrfoee,  unless   lightened   bj 
union  with  oxygen  into  volatilizable  states.     None  of  the] 
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*  If  ihe  basa  melats  werd  chlondized,  they  would^  being  soluble  la  fresb 
and  salt  water,  be  lubsirqueutly  dccoEuposod. 
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metals  that  immediately  concern  the  miner  (although  their 
affinities  for  oxygen  were  equally  strong)  formed  such  per- 
manent rocky  oxide  compounds;  so  that,  being  more  friable, 
they  were  more  or  less  disseminated  throughout  the  rock,  or 
were  sublimed  into  the  dense  atmosphere  that  then  sur- 
rounded the  hot  surface  of  the  Earth. 

These  were  undoubtedly  the  simple  states  of  mineraliza- 
tion, when  the  Earth  had  cooled  down  to  a  low  red  heat,  and 
the  surrounding  atmosphere  was  largely  composed  of  chlorine 
gas,  the  vapor  of  water,  the  resultant  product  from  the  com- 
bustion of  hydrogen  and  oxygen,  and  carbonic  acid  gas,  sim- 
ilarly produced  by  oxygen  and  carbon,  during  the  world's 
fusion.     Thus  were  oxidized  even  carbon  and  hydrogen. 

The  next  universal  action  that  tmuspired  was  during  the 
period  described  in  the  latter  part  of  Chapter  II,  Section  1, 
when  all  the  mineralfl  that  were  soluble  would  have  been 
dissolved  from  oft*  the  surface  by  the  condensing  steam,  and 
<?>onveyed  to  the  hollows,  thus  separating  the  soluble  from 
the  insoluble  bed-rocks.    ' 

Some  of  the  minerals  that  are  now  insoluble  at  ordinary 
temperatures,  in  water,  would  have  been  quite  soluble  the* 
(at  the  high  temperature  that  resulted  under  the  extreme 
pressure  described) ;  and  others,  that  resisted  the  hot  waters 
of  the  period,  would  have  succumbed  to  the  extremely  hot 
chlorine,  or  the  alkaline  solutions  tliat  followed,  and  were 
licld  therein  until  a  lower  temperature  favored  their  precipi- 
tation, or  union  with  other  elements,  at  places  where  pre- 
ripitants  happened  to  be  located. 

It  ai)pears  probable  that,  in  this  universal  oxidation  of  the 
metals,  the  oxide  of  sodium  formed  the  greater  part  of  solu- 
ble surface  scum  over  the  dry  Earth,  and  chlorine  gas  would 
^  in  considerable  abundance  in  the  mixed  atmosphere,  as 
liquid  chlorine  underpressure,  or  form,  by  hot  explosive  union 
^th  hydrogen,  hydro-chloric  acid,  that  would,  in  either  case, 
be  collected  by  the  falling  rain  into  oceans  of  chlorinated  wa- 
ter, in  which  many  of  the  minerals  would  be  dissolved  ;  some 
would  be  precipitated  by  the  soda,  as  it  was  washed  from 
the  higher  grounds,  and  formed  the  chloride  of  sodium  of 
thcOTean  and  probably  the  oxygen  of  air. 
Thus,  the  greater  part  of  the  primitive  surface  would  have 
5 


6 


i' 


THE  EXPLOREBS,'  MIXERS*  AND 


been  more  or  less  covered  with  tliese  uunierous  preeipltationa!] 

of  tlie  oxides  of  the  metals,  wltilst  the  interior,  l)elow  tl 
reach  of  these  solvents,  would  retain  tlie  original  oxides, 
first  fused  or  sublimed.     These  may  have  been  the  rultn{ 
powers,  because  most  abundant;  but,  as  all  the  agents  anil 
re-agents  of  nature  that  fire  created  or  expelled  were  present,] 
each  acted  it^  pait  in  the  general  reassociation,  mure  pailicu- 
ularlj  during   later  and   colder  periods,  after  the  general 
reaction  of  carbonic  acid  had  set  in  to  precipitate  from  thej 
ocean   solutions  its  chloride   of  lime  into  the  first   purely  1 
chemical  and  inorganic  carbonate  of  lime,  secondary  rock 
formations,  which  thus  fixed  anil  recorded  the  first  evidence 
of  the  presence  of  carbon.     At  alKUit  this  time,  tlie  tirat, 
magnesian  and  magncsian  lime  rocks  would  also  be  depos- 
ited; then  the  Azoic  calciferous  skitoH  and  various  mixture8|] 
from  the  disintegration  of  primitive  granite,  when  the  oxide 
minerals  would  be  more  or  les.s  simultaneously  disseminated 
throughout  these  formations,  until  the  liquid  agencies  eeasedH 
to  dissolve  and  convey  to  the  ocemi  reservoir  anj^  considera-" 
ble  amount  of  mineral  waters.  ' 

,  This  mamier  of  distribution  would  deposit  the  minerals  in 
diminishing  quantities,  as  time  passed  away,  and  the  later  J 
organically  ami  mechanically  formed  secondary  rocks  wouldj 
consequently  contain  much  less  than  those  that  were  depos-J 
ited  during  the  hot  A^oic,  le#s  tranquil  time;  and  such  ial 
precisely  the  case. 

Thus,  the  minerals  must  have  hQQn  first  dislrlbuied  tlirough* 
out  the  rocks  btrforc  the  fracttmnf/  of  the  true  fissure  veins,  orj 
formation  of  the  various  other  receptacles  for  subsequent 
aggregations. 

now    MINERALS    WERE    FORMKD    IN    VEINS,    ETC. 

It  has  been  clearly  sho-ftTi  above  that  the  mineralizii 
agencies  of  fire  and  fluids  had  not  thus  far  done  more  thai: 
to  oxidize  and  disperse  the  materiaf  efcnienis,  for  fuinre  colUdii/tA 
ami  precipitation  into  the  suitably  suiall  receptacles  of  veinsij 
pockets,  or  basins,  for  man's  benefieiatiou:  but  to  attempt  1 
explain  all  of  the  next   succeeding  complications  by  any' 
single  rule,  will  be  as  presumptuous  as  impossilde.    # 

To  lay  down  any  particnhirly  fixed  theory,  " PI u tonic'*  orj 
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"Neptanian,"  "Sublimation"  or  "Infiltration,"  forall  devel- 
opments, is  monstrously  absurd ;  for  it  is  not  only  contrary 
to  the  known  actions  and  &cts  of  the  past  and  present,  but 
is  a  chemical  impossibility,  as  the  agencies  of  fire,  gases,  and 
liqaids,  are  eternally  composing  or  decomposing;  and  whilst 
Time  moves,  chemical  actions  will  also  continue  in  operation, 
and  change  of  condition  be  more  the  rule  than  the 
exception. 

Fire,  however,  generally  supplies  the  raw  materials,  either 
directly  or  indirectly,  as  just  described,  and  sometimes  in 
part  to  true  fissure  veins;  as  it  also  aids  most  remarkably  in 
niany  instances  by  warming  solutions  that  dissolve  certain 
minerals,  which  would  be  insoluble  at  lower  temperatures ; 
whilst  the  gases  and  liquids  manipulate  to  perfect  the  more 
complicated  crystalline  forms,  found  by  the  miner  in  all  kinds 
W  ages  of  rock  formations,  long  after  the  action  of  fin»  had 
cieased  its  operations. 

For  consideration  of  this  subject,  we  may  suppose  that  m 
system  of  true  fissure  veins  had  been  fractured  by  secondary 
contraction,  after  a  spot  of  the  Earth's  surface  had  been  met- 
amorphosed, or  reheated  by  the  second  approach  of  internal 
fire,  after  the  manner  described  in  Chapter  V,  section  1.  As 
there  stated,  the  different  parallel,  diagonal,  and  cross  veins, 
dikes,  and  slides,  were  not  all  formed  simultaneously ;  and, 
consequently,  frequent  shiftings  of  portions  of  the  earlier 
veins  on  the  walls  of  the  later  have  resulted,  which  afford 
Diany  interesting  records  of  past  progress,  and  some  very 
palpable  present  evidence,  that  favor  the  more  recent  con- 
centration by  aqueous  solutions,  and  the  still  later  depositions 
of  the  minerals  from  their  respective  salts. 

It  has  been  thus  emphatically  proven,  on  preliminary  gen- 
eral grounds,  that,  although  the  metallic  oxides  were  first 
supplied  by  fire;  humid  agents  must  have  generally  com- 
pleted the  mineral  formations ;  and  such  is  strongly  corrobo- 
rated by  the  following  facts,  that  are  unfolded,  by  the 
thoughtful  miner,  from  the  metallic  mineral  veins: 

1.  If  the  veinSy  ptckts^  etc.^  were  filled  by  fire  with  fused 
quartz,  the  veins  must  have  been  then  at  full  size^  and  all  tht 
eonifoetion  of  bed-rock  that  ever  did  take  place  must  have 
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then  occurred  at  tlie  moment  of  fracture,  which  is  as  absurd 
as  it  is  untrue. 

2.  Xone  of  the  homogeneity  or  other  peculiar  appearances 
of  a  fused  mass  has  ever  been  detected  in  sucli  deposits. 

3.  If  fused,  and  thus  intruded,  some  overflowings  would 
have  protruded,  similar  to  those  from  lava. 

4.  Being  lighter  and  more  infusible  than  any  of  the  other 
elements  from  volcanic  action,  it  would,  because  it  required 
greater  heat,  have  been  the  first,  and  not  the  last,  to  arrive 
at  the  surface. 

5.  It  is  too  purely  the  one  unmixed  oxide  of  sUicium,  to  have 
been  fused  at  this  necessarily  high  temperature,  in  proximity 
to  other  more  fusible  elements. 

6.  The  minerals  contained  therein  are  too  unequally  dis- 
seminated to  have  been  the  resultants  of  fusion,  or  sub- 
Umation. 

7.  Disconnected  pockets,  and  the  various  minute  ramifica- 
tions in  distant  country,  bed-rock,  stratum,  and  the  miniature 
veins  of  pebbles,  etc.,  alluded  to  in  the  latter  part  of 
Chapter  V,  could  not  have  been  so  formed. 

8.  V^ein  quartz  has  a  constant  specific  gravity  of  2.8, 
whilst  that  from  fusion  is  but  about  2.15. 

9.  Volcanoes  never  eject  pure  quartz,  or  other  pure, 
unmixed  elements. 

10.  Fluor  spar  (fluate  of  lime),  and  heavy  spar  (sulphate 
of  baryta),  with  many  other  volatile  compounds,  and  even 
water,  are  often  found  completely  enclosed  in  quartz,  which 
could  not  have  existed  here,  no  more  than  in  the  primitive 
bed-rocks,  if  created  by  fire. 

Thus  much,  and  more,  may  be  brought  to  bear  against  the 
general  and  independent  actions  of  the  ''Plutonic*'  and 
"Sublimation"  theories;  and,  to  still  further  favor  those  of 
the  '^Neptunian"  and  "Infiltration,"  the  following  maybe 
added  thereto: 

11.  We  have  positive  proofs,  in  the  laboratories  of  Nature 
and  Art,  that  not  only  many  of  the  reactions  can  be,  but  that 
they  are  being  produced  by  natural  humid  causes;  whilst 
fire,  both  in  Nature  and  Art,  fails  to  perform  similarly  per- 
fected results. 

12.  Constitutional  and  mechanically  enclosed  waters  are  as 
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perfectly   consistent  with   the   aqueous,    as   unnatural   and 
impossihle  by  tire. 

13.  Changes  of  strata  generally  effect  corresponcling 
variations  in  the  quality  or  quantity  of  the  minerals,  as  the 
veins  pass  through  their  respective  sections,  from  the 
prejience  or  absence  of  solvents  or  precipitants.  These  do 
not  apply  favorably  to  fire. 

14.  Free  passage  of  waters  tavor  the  presence  of  the 
minenils. 

15.  It  frequently  happens,  in  the  most  complicated  systems 
of  mineral  veins,  where  several  ages  of  fractures  occur,  that 
when  a  mineralized  vein  has  been  ''heaved"  or  shifted  side- 
ways bv  a  cross-vein  from  its  oriirinal  iwisition,  bv  irre«:ular 
contraction  of  the  country,  it  is  rich  in  mineral  on  the  one 
side  of  the  influential  cn>ssing,  and  poor  on  the  other;  thus 
flhow-ing  that  the  minerals  wei*e  deposited  by  water,  long 
after  lire  was  in  ai-tion. 

16.  True  fissure  vein  quartz  invariably  shows  laminations 
niore  or  less  parallel  to  the  walls  of  the  vein,  whilst  fused 
<iuartz  does  not;  which  laminations,  being  probably  depos- 
ited separately  on  each  wall,  as  the  walls  recede  by  contrac- 
tion, frequent,  more  central  crystallized  cavities  arc  found, 
that  partake  of  somewhat  similar  parallelism. 

17.  It  often  occurs  that  separate  courses  of  tin,  copper, 
*idiron,  are  found  in  the  same  vein,  for  some  several  feet; 
Aen  the  whole  be«'omes  more  or  less  intimately  disseminated 
and  speckled  with  each,  or  a  single  coui"se  of  the  one,  or  the 
other,  may  be  found  as  the  level  is  continued,  inter\'cning 
frequent  barren  sections  of  the  vein  :  all  of  which  appear  as 
natural  to  the  aqueous  as  unnatural  for  the  more  dispersing 
regular  productions  of  tire. 

18.  Their  constitutional  or  equivalent  forms,  although  ex- 
tremely varied,  are  always  e.xact:  au'l  many  of  their  assoi  i- 
ating  elements  are  nimatural  to  the  Hiemistry  af  fire;  others 
are  derived  from  the  surface,  and  a  tV'W  an*  even  <^»riranic. 

19.  The  upwanl.  rhimneydike  speed  of  the  sublimations 
of  the  minerals,  frmi  the  action  of  fire,  would  have  efil-otu- 
ally  prevented  the  downwanl  sxrrir<>  of  these  necessary  ele- 
ments for  the  existiuir  conii»in:itioii-  in  veins,  at  all  d<pth-. 

20.  They  would  have   been  rii-her  f*jv  such  vari*  lies  at 
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the  top,  and  aimplj  one  or  tmo  fire  eompounde  at  deej 
sections. 

21.  The  minerals  are  often  deposited  in  crystals  in  Cli^ 
central  and  hi?<t  forracd  quartji  cavities,  011  the  previou^lj 
perfecUil  quarts  (rtjsials, 

22.  Tlic  walls  of  veins  that,  at  first  fracture,  mnst  hav^ 
exactly  mtre&pondedy  do  not  retain  such  shapes  now ;  a8  in 
teany  placea  the  wnlls,  as  Bhown  by  the  irregularity  of  tlif 
width  of  enclosed  quartz,  are  very  unlike,  a  few  feet  oF  dil 
tance  often  exposing  expanding  eavitiee,  that  could  ni>t  hav^ 
been  formed  by  any  other  means  than  aetual  diyi^cdution 
the  Bolid  roeka,  probably  by  hot  water  in  a  manner  hydmtiuj 
the  ^Hcic  acid,  and  silicates  of  pota^ih,  that  are  known  U 
compose  such. 

28.  Converging  or  wedge  veins  intervening  the  divi»ioiii 
of  secoridury  strtitum,  wlneh  run  to  a  thin  point  in  dcpthJ 
must  have  been  formed  by  aqueous  solutions^  and  not  by  fa£iion| 
unless  the  mineralfi  were  actually  pouied  in  from  aborc 
which  \H  too  absurd  tV»r  credence. 

24.  The  pure  carbonates  of  lime»  and  baryta;  the  enlfihated 
of  lime,  and  baryta;  as  well  an  the  tluate  of  lime  matricef 
of  veins,  are  nitu'li  more  natural  tn  Oio  uf|Mt"^t*iis  than  iLnirrmfl 
creations. 

These  facts  aiford  sufficient  evidt-nic  that  tbe  chemistry  ol 
fire  has  not  ruled  aupremeiy  in  the  formation  of  the  mineralrtJ 
but  merely  supplied  the  crude  elemental  compounds  by  geii« 
eral  sublimations ;  as  also,  at  least  to  some  extent,  to  the  ho^ 
and  compressed  aqueous  solutions  of  the  deepest  sectiotia 
mineral  veins. 

Internal  fire  has,  however^  by  creating,  under  the  snitablj 
extreme  pressure  of  the  water  in  veins,  sn^citmt  deffrit 
to  render  many  substances  soluble,  either  alone  or  :  i  -  IJ 
by  acids  or  alkalies,  that  are,  under  the  ordinary  cireoi 
itances  of  pressure,  and  consequent  heat,  inj^oluble  tbereinj 
as  qnarU  (silicic  acid),  fluor  spar  (fluut^*  of  limc)>  licair 
upar  (sulphate  of  baryta),  etc.,  etc.,  as  \%'i>ll  as  tli«?  nHnenil 
elements. 

Ever  h'incc  the  time  of  my  being  ».'dih;n«M  m  hh*  \u%hi 
and  mechanical  «ectiims  of  my  profession,  some  tljir^j 
yeai*s  since,  after  I  became  acquainted  with  the  general  U 


metallurgists'  companion.  71 

of  sensible  and  latent  heats,  more  particularly  as  they  apply 
to  water  and  its  vapor,  I  have  been  strongly  impressed  with 
the  notions  (as  expressed  in  Chapter  11,  Part  1)  that  highly 
heated  water  had  much  to  do  with  the  formations  of  matrices 
and  minerals  in  lodes,  as  well  as  the  modifications  of  the 
earlier  secondary  surface  rocks ;  and  that  conviction  has  been 
atrengthened  by  close  observation  during  long  experience. 

To  render  these  principles  of  action  and  reaction  more 
mtelligible,  we  will  suppose  that  metamorphic  action  had 
preceded  the  time  when  the  veins  were  formed,  and  that 
the  belts  of  country  between  the  fissures  had  commenced 
receding  (from  contraction),  to  expand  the  width  of  the  inter- 
vening spaces,  in  which  the  elements  that  now  form  veins 
were  deposited.  As  these  walls  separated,  surface  water 
would  force  its  way  down  to  the  hot  interior  sections  of  such 
fissures,  which,  at  only  1,5C0  feet  deep,  would  create,  from 
its  own  weight,  a  pressure  of  fifty  atmospheres,  which,  if 
snfficient  heat  was  also  present,  would  raise  the  boiling  point 
of  pure  water  to  510.6  ^,  and  of  water  that  contained  chemi- 
ctl  salts  to  a  still  higher  degree ;  whilst  still  deeper  sections, 
under  greater  pressure  and  consequent  temperature,  would 
attain  sufficient  heat,  not  only  to  dissolve,  but  to  even  melt 
awav,  manv  of  the  metals.  Thus,  the  matrices  and  motals 
would,  at  least,  have  been  readily  dissolved  into  solutions 
with  water  alone,  and  as  the  solution  became  more  equalized 
from  the  rleep  to  shaUnw  sections  of  the  veins,  the  pressure  and 
heat  becoming  less,  they  would,  being  ruled  by  such  change 
of  condition,  airain  deposit  from  tfee  colder  s^ilution  the 
matrices  and  minerals  accordingly,  on  the  walls  of  the  future 
vein. 

This  solvent  wouM  «'ollc"t  the  minerals  from  sublimation 
as  well  as  by  infiltration,  and  defyosit  them  \\\  the  .shallower 
sections,  contormably  witii  tho  favoring  elements  present. 

In  the  general  fii>t  f  ision,  as  well  as  in  parrial  volcanic 
fusions,  sulphur  an«l  chlorine  have  >>een  volatilize]  in  con- 
siderable •quantities;  and  it  is,  ther<,'fi»re.  pro!iabIe  —  nay, 
imperative — tint  t!i'»-e  n  »t»rioMs  clement  r^  Ir.ive  r^oru'-tinic^s 
united  to  the  hot  water  th:ir  superior  solvent  pr^p'-rie-.  and 
thus  produced,  at  a  less  temperat'ire,  more  shallow  >ol«irions 
and  diversified  pre:ipit-ite*.  from  the  various  cau-cs  of  U^s- 
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ejiing  of  (empa-ature,  dilution  of  the  solution  xcith  surface  naier, 
and  the  decomposition  of  the  silicates  of  soda,  or  potash,  from 
the  adjoining  rocks. 

The  lessening  of  temperature,  watering  of  the  solution, 
and  the  alkalies,  have  all  been  more  or  less  subservient  to 
their  deposition,  but  mostly  the  latLer,  which,  in  the  labora- 
tory, speedily  precipitates  aluminum,  antimony,  bismuth,  cad- 
mium, chromium,  cobalt,  copper,  gold,  iridium,  iroxi,  lead, 
manganese,  mercury,  molybdenum,  nickel,  osmium,  palla- 
dium, platinum,  rhodium,  silver,  tin,  uranium,  vanadium, 
zinc,  etc.,  etc. 

Some  of  these  are  soluble  in  excess  of  these  alkalies,  whilst 
others  are  insoluble,  and  undergo  other  more  modern  changes, 
until,  by  some  process  peculiar  to  very  long-continued  natural 
causes,  unparalleled  in  the  speedy  reactions  of  artificial 
chemistry,  they  unite  with  the  various  elements  into  more 
permanently  wjell  defined,  compact  crystals,  such  as  arseniu- 
rets,  sulphurets,  etc. 

Hot  solutions  of  potash  or  soda  have  probably  sometimes 
formed  the  first  deep  solutions,  and  deposited  in  the  shallow, 
less  compressed,  colder  sections,  the  first  sinijde  mineral 
supplies,  which,  gradually  uniting  by  natural  causes  with 
their  ditterent  favorite  elements,  formed  the  present  more 
stable  base  mineral  secondary  compounds. 

That  one  or  another  of  the  hot  solutions  obtained  solvency 
is  strongly  substantiated  by  the  fact  that  metamorphism  has 
been  always  apparent  when  the  minerals  are  found  in  such 
concentrated  forms;  \^hilst  the  invariable  disintegration  and 
decomposition  of  the  alkaline  rocks  of  the  shallow  sections 
of  veins  would  mostly  favor  the  acidified,  highly  heated, 
deep-water  solvent,  and  precipilation  by  the  released  potash 
or  soda  from  shallow  sections,  and  subsequent  secondary 
compositions  peculiarly  perfi)rined  by  slower  natural  causes. 

Be  it,  however,  as  it  may,  it  has  l)een  much  owing  to  cir- 
cumstances; and  some  of  the  minerals,  such  as  the  surface 
deposits  of  iron,  manganese,  lead,  silver,  gold,  platinum,  etc., 
with  the  alkaline  earthy  minerals,  must  have  been  formed  in 
a  more  simple  manner.  • 

As,  also,  in  districts  that  overlie  volcanic  calcinations  of 
mineral  oxides,  that  either  remained  as  such,  or  compounded 
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with  surface  carbon,  ocean  chlorine,  or  organic  elements;  as 
tbe  carbonates  of  copper,  lead,  etc.,  the  chloride  of  silver, 
the  carbonate,  the  phosi)hate  and  oxalate  of  iron,  etc.,  etc., 
which  all  form  at  or  near  to  the  surface. 

Remarkable  illustrations  of  the  first  are  seen  in  the  dry, 
shallow  sections  of  all  copper  veins,  where  water  carries 
down  carbonaceous  organic  matter,  which  decomposes  and 
unites  wjth  the  earlier  formations  of  copper  ores,  in  a  com- 
paratively short  time.  These  carbonates  are  never  seen 
below  the  permanent  water-level,  on  first  exposure,  during 
the  deeper  excavations ;  but  sometimes  the  copper  will 
become  thus  partially  carbon izi^l  even  in  a  few  weeks  after, 
and  stain  the  backs  of  the  levels  with  their  surpassingly  gay 
colors  of  blue  and  green. 

The  second  may  be  seen  in  the  similar,  more  massive  car- 
bonates of  lead,  from  the  aqueous  deposition,  as  well  as  those 
sublimations  of  oxide  over  actual  volcanic  heat,  which  have 
been  changed  to  carl)onatcs  by  subsequent  evulsions  or 
iufiltrations  of  carbonic  acid. 

The  third  is  that  of  the  irregular  deposits  of  chloride  of 
silver,  at  and  near  the  surface,  which  are  found  more  or  less 
lu  all  uplifted  silver  regions,  that  had  been  previously  cov- 
ered by  salt  water;  extensive  modern  instances  of  which 
have  created  such  excitement  nt  White  Pine,  at  Hot  Cieek, 
aud  Reveille,  in  the  State  of  Xevada.  This  whole  region 
has  been  more  or  less  elevated  from  the  level  of  the  ocean's 
hed  to  the  present  irregular  contour  of  surface,  and  little 
doubt  can  be  entertuined  that  the  more  general  solva^nt  of  the 
silver  was  boiling  sulphuric  acid,  which  collected  and  brought 
flie  sulphate  of  silver  througli  the  various  fissures  toward  the 
surface,  until  it  reached  tlie  presence  of  the  oceanic  solution 
of  salt,  and  l)ecame  precipitated  to  its  present  form  of  chlo- 
ride, which,  being  further  uplifted  by  the  continued  action  of 
similar  causes,  increased  results  would  follow  until  it  became 
elevated  to  its  present  i)eriiianent  position. 

The  fourth  exani[)les  are  the  enormous  masses  of  carlxuiate 
of  iron  that  are  worked  from  the  layers  found  in  the  English 
coal  measures;  the  numerous  highly  colored  phosphates  of 
iron,  variously  found  at  and  near  the  surface,  sometimes  in 
the  interior  of  fossils,  and  in   fossiliferous  ferro-manganic 
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sands ;  and  the  oxalate  of  iron,  which  has  been  formed  in 
presence  of,  and  during  the  decomposition  of  succulent 
plants. 

THE   FORMATION   OF   GOLD   AT   THE   SURFACE,   AND   IN   VEINS. 

In  the  careful  consideration  of  this  subject,  the  following 
pertinent  facts  may  be  rendered  subservient  to  our  purpose, 
and  must  not  be  overlooked:  « 

1.  It  has  been  often  stated  by  reliable  authorities  that  gold 
has  never  been  found  entirely  tmalloyed  with  silver ^  and  that  it  is 
very  seldom  free  from  copper  and  iron. 

2.  In  a  gold-yielding  country,  the  sulphuret  of  iron,  from 
veins,  invariably  contains  more  or  less  gold;  iron  is  also 
found  as  an  alloy  of  gold,  silver,  etc.,  etc. 

3.  The  sections  of  rock  that  contain  gold-bearing  quartz 
veins  have  been  much  tilted  from  their  original  positions. 

4.  All  of  the  profitable  gold  fields  and  gold-quartz  veins 
of  the  world  form  the  borders  of  present  or  past  oceans. 

6.  All  of  the  rich  gold-quartz  veins  are  either  in  the  Pale- 
ozoic, or  very  near  thereto  in  the  metamorphosed  Azoic 
rocks. 

6.  All  gold-producing  regions  have  been  invaded  by  exten- 
sive igneous,  uplifting  action. 

7.  The  veins  conform  more  to  those  of  "Segregation" 
than  to  "True  Fissure,"  and  consequently  follow  more  or 
less  closely  the  divisions  of  strata  parallel  with  the  mountain 
chain  or  line  of  general  upheaval,  and  consequently  they 
underlie  the  ancient  ocean  bed,  in  not  very  remote  depth. 

8.  Those  lodes  which  take  a  somewhat  independent  frac- 
ture, and  occasionally  traverse  the  divisions  of  the  strata 
obliquely,  are  richer  in  gold  than  others  that  strictly  conform 
therewith. 

9.  Much  of  the  placer  gold  is  so  differently  cJiaracterized  that 
it  could  not  have  been  all  derived  from  quartz  veins. 

10.  Platinum  has  never  been  found  in  defined  quartz  veing. 

11.  Alluvial  oxide  of  tin  is  also  distinctly  difterent  to  the 
formations  in  veins. 

12.  These  three  metals  are  soluble  in  chlorine,  and  after- 
wards become  insoluble  to  other  natural  solvents;  the  natu- 
ral oxide  of  tin  being  also  insoluble  to  even  chlorine. 
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13.  Iron,  snlpliide  or  oxide,  prevails  in  all  gold  fields  and 
Teins. 

Now,  the  only  really  practical  sqlvents  of  gold  are  the 
hydrates  of  chlorine  and  fluorine;  but,  as  the  latter  was  not 
present  in  sufficient  quantity,  or  having  stronger  affinity  for 
rilica  and  lime  than  for  gold,  it  would  have  immediately 
associated  with  them ;  so  that  chlorine  must,  in  some  manner, 
have  acted  as  its  solvent. 

Taking  the  gold  deposits  of  the  Americas,  for  example,  we 
must  suppose  that  the  whole  western  coasts  of  the  North, 
Central,  and  South  Americas,  were,  at  a  not  very  remote 
period  during  their  uprisal,  sufficiently  hot  to  cause  the 
whole  ocean  border  to  6oi7,  from  the  northern  to  southern 
^itreraes  of  the  coast;  whilst  many  regions  of  the  land 
were  sufficiently  hot  to  free  the  chlorine  from  the  salt  that 
would  have  been  deposited  over  the  surface  or  in  the 
fasures  of  the  rock,  which,  being  moistened  by  pure 
water  from  rains,  would  have  fallen,  and  may  have  thus  dis- 
»lved  the  gold,  etc.,  etc. ;  or  this  chlorine  solvent  may  have 
been  sometimes  firmed  by  the  action  of  naturally  produced 
sulphuric  acid  on  the  chloride  of  sodium,  in  the  presence  of 
the  oxide  of  manganese  (as  these  three  are  generally  present 
in  snch  positions),  and  the  formation  may  be  then  completed 
precisely  as  in  PlattneKs  artiticial  process,  for  \U  solution  and 
precipitation  by  sulphate  of  iron,  which  also  has  been  invari- 
ably present  in  the  gold  fields,  in  considerable  quantity. 

This  solvent  of  gold,  if  mixed  with  salt  of  oceans,  which 
it  must  have  been,  wouhl,  when  heated,  dissolve  silver,  cop- 
per, and  iron,  which  account^  for  the  irtrariaUe  aflo^  ^/f  these 
metals,  and  provides  for  many  other  conditions.  It  was, 
however,  much  too  soon  for  the  deposition  of  «neh  into  veins, 
which,  at  this  stage  of  refrigeration,  could  not  have  been 
formed,  and  applies  to  placer  formation^  and  rKx-ket-*  only. 

At  later  periods,  after  the  strata  that  adjoine^l  the  moun- 
tains had  parrially  of»enr:d  by  contraction  into  fi3*nr'.-^.  the 
chloride  of  gold  may  have  J^e'ru  auppliel  th'rreto.  or  'r;^tril>- 
ut«d  over  the  surfai-e  of  the  eountrj',  until  precipitated  in  the 
veins  or  hollow^*  at  or  near  the  «ar£ice.  \ry  jK^ta^h.  ^^!f>rjate 
of  iron,  or  the  cl/.orine  was  rele^^ed  from  th-:  zo!d  by  m^jre 
volatilizarion,  or  even  evaiy>fation. 
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It  is  more  probable  that  at  a  much  h^te^  pijriod,  after  the 
surface  liad  become  comparatively  cold,  and  the  fissures  were 
better  defined,  tlie  salt  solution  from  the  ocean  penetrated 
the  fissures  to  great  depths,  and  that  this  chloride  of  sodium 
solution  became  intensely  heated  by  the  adjoining  rock^ 
under  the  extreme  pressure  thus  created,  and  the  water 
became  partially  chlorinated ;  or,  as  the  heat  approached 
nearer  to  the  point  of  separation  of  its  chlorine,  that  both 
quartz  and  gold,  during  long-continued  action,  dissolved,  as 
it  is  well  known  that  silver  would  more  immediately  be,  from 
the  rocks,  and  as  the  ocean  waters  also  contained  silver,  this 
continued  concentration  would  account  for  its  invariable 
presence  with  gold.  The  manner  of  conveyance  to  the  shal- 
low portions  of  the  vein  would,  be  as  in  the  case  of  base 
metals,  where  it  is  probable  that  free  gold  was  pFecipitated 
by  potash,  and  that  enclosed  in  sulphurets,  by  sulphate  of 
of  iron,  etc.,  etc.  So  far  as  the  free  metals  are  concerned, 
however,  the  compound  is  so  unstable  that,  with  simple 
evaporation,  a  short  time  would  suffice  to  free  the  chlorine! 
therefrom. 

The  above  theories  will  agree  with  the  thirteen  facts  enu- 
merated ;  but  I  am  strongly  disposed  to  favor  that  impera- 
atively  integi'al  part  which  supposes  that  highly  heated  water 
slowly  dissolves  and  hydrates  silicic  acid,  which,  if  not  the 
true  solvent,  at  least  holds  and  retains  the  metals  in  solution, 
until  they  arrive  at,  and  are  crystallized  or  precipitated  in, 
the  shallow  sections  of  veins,  in  the  peculiar  ribbon  or  leaf- 
like manner,  in  the  successive  and  extremely  thin  deposits 
that  generally  parallel  and  conform  to  the  walls  of  mineral 
veins,  as  contraction  causes  them  to  recede  from  each  other. 

This  peculiar  lamellose  structure  of  extensive  veins,  more 
particularly  those  denominated  "True  Fissure,"  have  been, 
I  think,  produced  by  sudden  intermittent  jumps  of  the 
receding  walls,  during  contracti(m;  as  it  is  impossible  that 
such  extremely  slow  average  rate  of  travel  should  be  mathe- 
matically regular;  more  particularly  during  earthquakes, 
which  have  applied  their  powers  more  or  less  strongly  to  all 
the  districts  of  the  world  at  certain  times. 

The  expansions  and  contractions  of  summer  and  winter, 
that  exert  an  influence  to  some  few  feet  deep,  may  also  have 
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caused  this  structure,  as  the  surface  rock,  by  abutting 
irregularly,  forced  the  partially  solidified  siliceous  waters  up 
or  down  the  vein,  by  varying  the  very  thin  spaces  intervening 
the  deeper  walls  of  the  vein,  and  compressed  it  during  winter. 
In  hard  surface  rock  districts,  this  is  not  merely  hypothetical, 
for,  some  ten  years  since,  I  had  an  opportunity  of  proving 
the  old  story  to  be  true,  "That  the  springs  of  water  arose  at 
the  profer  season  of  the  year,  whether  rain  fell  or  not," 
however  ridiculous  it  may  appear.  In  the  reworking  of  an 
old  Cornish  mine,  we  had  occasion  to  fix  what  is  called  a 
"fend-oif' '  (a  sort  of ''bell-crank")  to  the  main  pumping  rod 
for  changing  the  angle,  in  a  shaft  that  was  partially  filled 
with  water,  up  to  within  a  few  feet  of  the  work,  during  an 
nnusually  dry  autumn  and  early  winter,  when,  although  no 
rain  had  fallen,  some  time  after  the  cold  weather  had  set  in, 
tile  water  commence<l  to  ari<ie  in  this  shaft  and  throughout 
the  whole  length  of  the  mine,  and  gradually  rose  into  a  level 
that  i*howed  its  progress  in  a  very  exact  manner  (as  the  level 
graded  slightly  from  the  horizontal,  for  better  drainage);  so 
that,  as  nothing  had  been  thrown  into  this  mine,  and  all  the 
other  surrounding  mines  were  much  deei»er,  this  principle  of 
tOhlffuHhtii  '>urUice  could  alone  account  fi>r  tlie  winter*.-?  ilowing 
of  the  water.  It  appears,  from  very  ancient  fassils  of  tho-e 
peculiar  siliceous  vegetable  organisms  called  *' Diatoms/* 
that  warm  waters  must  have  then  held  silica  in  a  suitable 
solution  for  their  growth ;  and  the  moilern  warm  siliceous 
ftlkaline  springs  show  another  substantial  fact:  tliat  where 
quartz  is  in  solution,  it  does  not  precipitate  until  it  becomes 
cold,  and  even  then  but  very  slowly.  Thus,  in  the  later  and 
cold  alkaline  scilution  pvri«Ml,  -Diatoms"  ceased  to  grow, 
and  the  calcareous  fossils  of  the  '-De-mids"  prevailed. 

These  lacts  serve  to  still  further  substantiate  tlie  "Aque- 
ous" theory  tur  quartz  f<»rniation-,  and  ^how  mo-t  palpably 
that  the  placer  quartz  and  gold  may  be  mostly  of  separate 
foniiatiou  to  that  found  in  veins:  and  that,  althouirh  -sorne 
may  have  been  brokeu  i»ff  and  wa-hed  trom  th*,-  outcrops  of 
veins,  the  greater  j«urt  —  more  parti'-ularly  the  hir:re  nug:r-t- 
—were  from  po«-ket-  near  the  surtace.  thi*t  were  di-in*eirr;.ted 
from  the  then  higher  grojjnd  by  the  for.e  of  v/at  -r.  •t". 

Gold  has  cuutiuie  i  i-i  be  ff^r.-ued,  b«Hh  at  the  rurf;*';*:  a?id 
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in  the  veiiiR,  up  to  a  very  recent  period,  probably  to  tt 
present  hour;  as  often  inn-taneeJ  in  the  phicers  by  it^  beir 
found  deposited  on  wood  in  various  stugea  of  petri faction, 
and  sometimes  iu  the  ervstaHized  ''vriglis"  or  cavities 
quuilz  veins,  and  as  reecntly  embossed  deposits  on  the  p€ 
fectly  well  defined  surliw^es  of  the  previously/  eonipkkd  and 
formed  quaitz  crystals  taken  from  the  central  portions  of 
veins,  • 

It  will  be  necessary,  iu  this  connection,  to  caution  the 
explorer  and  miner  for  these  precious  metals  against  the  too 
often  repeated  statements  put  furward  by  authors,  that  the 
precious  metals  have  not  been  found  id  Azoic  rocks,  as  it 
may  lead  to  serioug  errors,  unless  fully  understood.  It  10 
true  tluit  they  have  not  been  found,  no  more  tluin  the  base 
minerals,  in  the  real  primUwe  botlotiu  first  fused  rock,  as  ^ 
originally  lies,  and  as  described  iu  Section  1,  Chapter  I;  bufl 
like  those  minerals,  the  precious  metals  have  been  found  ill 
whole  systeuis  of  veins,  that  travei*sed  some  of  the  '*Broken^ 
and  '*  Disjointed,"  metamorphosed,  crystalline  Azoic  rocl 
deseribed  in  Chapter  II,  Section  1,  and  Chapters  III  and 
Se<'ti(ui  2,  where  these  adjoin  the  extensively  metaniorphot 
I*aleozoic  secondary  rocks  that  formed  the  ancient  ocean  beds 
and  their  more  recent  borders.  ^ 

FORMATION    OF   PLATINUMj    IRIDIUM,    OSMIUM,    FALLADIDM,    RHO- 
DIUM,   ETC» 

Platinum,  iridium,  and  palladium,  are  soluble  in  chlorin^ 
but  osmium  and  rhodium,  when  unalloyed,  are  at  least  ve|| 
slowly  soluble  under  ordinary  conditions.  These  metals 
carry  strong  family  resemblance  for  iufosibility,  insolubility, 
malleability,  hnrdness,  texture,  color,  and  manner  of  combi- 
nation, aud  are  generally  found  associated  as  alloys  with 
platinum.  Although  oftentimes  found  iu  the  placers  wita 
gold,  it  is  not  their  invariable  associate,  as  these  metala," 
headed  by  piatinura,  take  indepenilent  positions  under  the 
apparently  imperative  conditions  of  the  presence  of  green- 
stone, eruptive  rocks,  or  serpentine.  It  is  also  a  remarkable 
fact  tluit  chromate  of  iron  has  been  always  found  where  these 
metals  are  most  abundant,  which  must  be  because  the  same 
rock  is  a  matrix  for  both,  unless  its  presence  is  requ 
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'wme  way,  as  the  sulphuret  of  iron  (originally  sulphate)  is  for 
the  preeipitjition  of  gold.  These  white  metals  (the  associates 
of  platinum)  are  of  very  high  specific  gravity,  iridium  being 
from  23  to  26 — the  heaviest  of  all  substances;  platinum  being 
about  21.5.  They  form  from  two  to  five  oxides,  and  from 
two  to  four  chlorides.  They  are,  moreover,  so  very  infusible, 
that  no  natural  fire  can  be  made  sufliciently  hot  to  melt 
them;  the  artificially  combined  influence  of  the  concentrated 
oxy-hydrogen  blow -pipe  flames  being  alone  sufiicient  for 
this  purpose;  so  that,  remembering  all  these  facts,  and 
that  fliey  are  the  heaviest  of  all  metals,  I  see  no  other  way 
that  they  could  have  been  brought  to  the  surface  of  our 
globe,  but  in  a  similar  manner  (for  the  reasons  previously 
stated)  for  the  other  metaJs ;  that  is,  as  oxides.  These  oxides 
we  notoriously  unstable,  and  nothing  would  be  required  but 
short  exposure  for  releiu^e  and  reduction  to  metallic  states; 
which,  I  think,  in  this  instance,  was  realized  in  the  rock 
itself  which  has  been  since  disintegrated  by  water,  etc.,  in 
sufficient  quantities  for  the  release  and  concentration  of  the 
small  particles  or  nuggets  of  thefle  metals  that  are  invariably 
found  near  such  eruptive  rocks. 

This  opinion  appears  to  be  well  substantiated  from  the 
fects  that  thise  metals  are  not  necessarily  associated  with  quartz^ 
sre  never  found  in  quartz  reins,  and  are  always  found  in  ami 
(oround  these  somewhat  peculiar  eruptive  rocks. 

If,  however,  chlorine  has  ever  taken  the  part  of  a  solvent, 
the  more  insoluble  metals  would  have  been  rendered  soluble 
bj  this  fire  oxidation,  or  by  natural  fusion  with  potash,  and 
afterwards  precipitated  by  the  alkalies.  These  metals,  being 
^turally  infusible^  and  so  much  fieavier  than  the  bed-rocks,  aflbrd 
conclusive  evidence  that  all  the  heavy  metals  must  have  been 
brought  to  the  surface  by  some  heated  volatile  associate, 
which,  if  not  oxygen,  may  have  been  chlorine  gas,  so  abun- 
dant before  the  colder  formation  of  chloride  of  s^xlium. 

This  gas  might  have  acted  in  an  infinitely  slow  manner,  on 
most  minute  particles  or  atoms,  during  the  elevation  of  these 
metals  to  the  surface,  as  their  total  quantities  are  extremely 
small. 
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CHAPTER    VII. 


THE  PECULIAR  CHARACTERISTICS  OF  "TRUE  FISSURE  VEINS," 
AND  THEIRS  CONSTITUENT  COMBINATIONS,  POSITIONS,  DIREC- 
TIONS, AND  DIPS  —  GENERAL  COMPORTMENT  WHEN  TRAVERS- 
ING DIFFERENT  STRATA,  WHEN  FORMING  INTERSECTIONS 
AND  JUNCTIONS  WITH  EACH  OTHER,  OR  WITH  CROSS-COURSES, 
DIKES,  AND  SLIDES  —  COUNTKRACTIONS  AND  GENERAL  INFLU- 
ENCES OF  CROSS -COURSES,  SLIDES,  AND  DIKES  —  SUMMARY 
OF   THE    EFFECTS    PRODUCED    BY   THESE   COLLECTIVE   CAUSES. 

"True  fissure  veins"  are  always  found  in  metamorphosed 
(reheated  spots  of  strata),  cliiefly  in  tlie  "Azoic,"  less  fre- 
quently in  the  "Paleozoic,"  and  no  good  mine  has  been 
found  in  England  ahove  the  "Triassic,"  or  First  Period  of  the 
"Mesozoic"  or  Third  Time;  but,  in  some  other  pails  of  the 
world,  antimon}',  lead,  iron,  manganese,  and  mercury,  in  the 
Second  and  Third  Periods  of  tliis  "ilesozoic"  Time,  when 
sufficiently  metamorphosed  in  veins,  which  are,  however,  not 
well  defined  True  Fissures,  hut  partake  of  modifications  from 
extensive  volcanic  upheaval,  and  consequent  sublimations. 

1.  "True  fissure  veins"  are  rarely  found  unaccompanied 
by  others,  and  difterent  systems  or  ages  of  their  fractures  can 
often  be  observed,  as  they  have  slidden  at  difterent  times  on 
each  other. 

2.  They  do  not  conform  to  the  cleavage  of  the  stratum, 
nor  do  they  ever  lie  in  the  intervening  division  between  two 
distinctly  difterent  strata. 

3.  They  do  not  generally  decrease,  but  rather  increase  their 
width  and  riches,  at  the  greatest  depths  attained  by  man, 
although  an  apparently  occasional  individual  instance  occurs 
of  the  reverse. 

4.  Their  encasing  walls  are  remarkable  for  regular  defini- 
tion, smoothness,  and  unctuous  or  soap-like  clay  surfaces. 
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5.  Their  constituents  of  matrices  and  minerals  are  alway* 
found  in  laminations  more  or  less  conforming  to  general  par- 
allelism with  the  encasing  walls ;  and,  when  short  diagonal 
"splices"  or  "vughs'*  occur,  they  are  also  almost  invariably 
on  their  edges. 

6.  The  minerals  are  sometimes  found  in  most  distinct  indi- 
vidual courses,  the  one  beside  the  other,  or  in  difierent  pait* 
of  the  quartz  vein's  width;  at  other  times,  speckled  indis- 
criminately throughout,  or  in  occasional  stones  of  each; 
whilst,  more  frequeutl}',  they  are  so  intimately  mixed  that 
they  cannot  be  separatee^  by  hand. 

7.  Thus,  the  different  metals  are  associated  side  by  side 
with  entirely  different  and  numerous  elements:  the  perma- 
nently insoluble  oxide  of  tin  beside  the  sulphurets  of  iron, 
<^pper,  zinc,  and  sometimes  lead  ;  or  urseniurets,  oxides, 
carbonates,  etc.,  of  the  one  or  the  other,  some  in  massive 
Md  others  in  crystalline  forms ;  all  of  which,  I  presume,  are 
derived  from  the  original  oxides,  the  oxide  of  tin  alone 
raining  that  insoluble  form,  whilst  the  others  have  passed, 
or  are  still  passing,  into  other  combinations. 

wsrriONs,  directions,  dips,  and  general  comportment  wubn 

TRAVERSING   THROUGH    DIFFERENT   STRATA,  EACH    OTHER,  OR 
CROSS-COURSES,    DIKES,    AND   SLIDES. 

8.  "True  fissure*'  veins  take  independent  paths  through 
.  all  of  the  metamorphosed  strata  that  lie  within  their  course 

or  dip.  If,  however,  a  stratum  of  rock  overlies  those  that 
IumI  been  metamorphosed  before,  the  vein  does  not  pass  out 
l>«yond  the  earlier  heated  spot,  into  that  since  deposited 
thereon.  , 

9.  They  partake  somewhat  of  parallelism,  for  each  ag«  (rf 
fracture,  but  take  all  bearings  and  dips  at  their  different  agea^ 
^governed  by  the  lines  of  contraction  of  the  age. 

10.  The  veins  of  the  one  parallel^  in  the  same  complicati'd 
^Btem,  will  all  be  richer  in  minerals  of  similar  kinds,  tha?i 
those  that  run  transversely  thereto;  not,  I  think,  from  any 
i^fference  of  magnetic  influence  caused  by  bearing,  but  from 
^  of  fracture  alone,  and  consequently  greater  contraction  for 
better  solution  and  precipitation  of  the  minerals. 

11.  The  direction  of  veins  seems  to  have  been  greatly 
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influenced  by  the  adjcfiniiig  ridges  of  the  more  primitire 
griiiiitic  rocks,  and  vary  their  degrees  of  beftriii^  and  dip 
aet'ordiogly,  and  tiie  richer  veins  generally  parallel  sueli 
influential  causes  for  conformity. 

12.  However  near  the  systems  of  veins  or  districts  may  U 
to  each  other,  such  influencetii  will  a|>ply,  as  have  been  partic 
iilarly  well  displayed  in  Coi^wall,  wliere,  commencing  at  the 
Pt.  JuHit  Dintriet,  near  tlie  Land's  End  of  England,  the  uorti 
and  Bouth  veins  have  been  most  productive  for  eo|jper  ixni 
tin;  at  Marazion,  tliose  bearing  northwest  and  eonthcaa 
have  been  most  profitable;  whilst',  in  the  centre  of  th| 
county  (only  about  thirty  miles  inclusive),  at  Camborne,  Kec 


ruth,  Gweunap,  and  St.  Agnea  Digtriets,  those  bearing  eastj 
and  west  are  alone  mineralized.     North  and  south  bearing 
mountains  l>revail  throughout  the  world,  and  they  as  ofteij 
govern  the  direction  of  veins;  hut,  when  otherwise,  profita 
blc  veins  are  found  on  the  slopes  and  foot-hills  of  mounta? 
at  all  angles. 

13.  *'True  fissure**  veins  seldom  dip  leas  than  45**  froc 
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the  horizon,  are  frequently  near  to,  and  sometimes  quite  ver- 
tical; each  vein  takes  independent  direction  and  dip,  often 
passing  forward  and  downward  through  each  other,  at  all 
angles  within  these  limits;  one  may,  for  instance,  dij)  north- 
erly at  50°,  whilst  another  overlying  this  may  also  dip  north- 
erly at  60°,  and  pass  down  through  it;  a  third  may  still 
overlie  and  dip  northerly  at  85  °,  which  also,  after  passing 
through  hoth,  may  change  its  dip  from  north  to  south;  a 
fourth  dips  south  through  all  these  at  70°,  or  any  other 
degree;  whilst  a  fifth  may  he  a  "slide,"  which  may  also  occa- 
sionally shift  or  disorder  the  lode;  the  whole  being  also  of 
somewhat  diflfcrent  degrees  of  direction,  and  traversed  by 
cross-courses  that  partake  of  similar,  but  transverse,  differ- 
ences of  the  angles  of  bearing  and  dip.  On  this  figure,  a 
shows  a  Y  intersection;  6,  an  inverted  Y  intersection;  c,  c,(?, 
X  intersections;  d,  a  "horse"  in  the  vein;  e,  a  "carbona"; 
/» a  "bonanza,"  or  pocket;  g^  a  surface  deposit;  A,  A,  A, 
"feedere." 

14.  Certain  places  of  "true  fissure"  veins,  almost  invaria- 
My.  where  the  dip  is  more  vertical,  contain  most  mineral. 

15.  Certain  directions,  and  corresponding  parallelisms,  of 
**trae  fissure"  veins,  contain  more  mineral,  in  all  districts, 
than  other  directions  of  the  same  veins. 

The  two  last  are  general  rules,  which  must  have  been 
Qoticed  by  every  thoughtful  practical  miner;  and  although 
the  reasons  have  not  been  yet  made  apparent,  some  tangible 
csase  must  have  created  such  invariably  marked  results.  As 
it  is  very  important  that  this  should  be  fully  understood  by 
the  miner,  and  more  particularly  by  those  entering  new  dis- 
tricts, I  will  endeavor,  by  the  aid  of  two  illustrations,  to 
ttphdn  both  the  nature  of,  and  reasons  for,  this  occurrence. 

First,  let  Figure  2  represent  a  vertical  section  of  a  fissure 
tiiat  had  thus  changed  its  dip  from  that  of  A  to  Ji;  and 
•gain  firom  C  to  that  of  D.  A  and  C  are  the  profitable  por- 
tions of  the  vein,  simply  because  B  and  D  arc  more  contracted^ 
•ad  prevented  an  equally  free  passage  of  the  mineral  waters. 
The  arrows  represent  the  horizontal  line  of  contradbm^  that 
opened  the  rocks  from  origi'tal  contact  for  the  cfter  inMtration 
of  the  matrices  and  minerals.  Mow,  as  the  horizontal  line 
i&arked  by  the  arrows  shows  the  direction  ot  the  separation 
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of  the  walls  of  the  vein  bj*  contrattiiMi,   so  will  the  eorre^ 
gpondiiii^  panillel   lines  at  A  anil  B,  C  nn4  1),  measure  the^ 
amoiini  of  thxt^  onntraction  through  smil'r  lines  in  the  vein; 
whereas,  the  width  of  the  vein  must  be  measured,  in  e^ichJ 
case,  at  A  and  B,  as  well  as  at  C  and  D,  by  righi-amficd  linetiyl 
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to  the  separate  and  different  dips  of  the  vein  at  A  and  B, 
C  and  T>. 

If  any  tijan  slmold  fail  to  imderHtuud  this  artcnrneTit,  from 
the  ?rk(^trl^  let  hiin  trace  offi  on  transiiuront  pa|)c!%  the  m)yl 
tine  that  nhows  the  Ictt-hand  wall  of  thii*  vein,  nud  move  it 
in  a  vertical  position  with  the  bottom  vd^e  of  paj>er  renting 
on  the  table,  in  tlie  line  of  contraction  marked  by  the  parallel 
arrows,  a  distance  to  tlie  right  that  equals  any  one  of  th^ 
parallel  meaHurcments  of  tnivel  marked  A,  B,  C  or  B,  and 
he  will  find  {because  these  are  all  equal  aii'l  parallel  to  each 
other)  that  this  left-hand  wall,  when  thus  correctly  moved, 
will  correspond  to  the  right-hand  wall  of  the  vein,  whitdi,  of 
course,  when  Kr.^t  fractured,  also  corrcspnndcil  Or,  let  h 
trace  this  line  with  a  needle's  point  on  a  piece  of  card  paper, 
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«nd  ctit  «xa<'tly  rlirougli  this  line  that  thus  marks  tlie  left- 
hiusd  Willi  J  with  ndj^sur^,  and  he  will  have  uu  exact  repre- 
Mfcntiittou  of  the  et)UiitiT  rock  (or  bed-rock)  on  both  aides  of 
liiQ  vein,  which,  of  course,  touched  when  cut  ais  well  us  when 
fractured;  i?o  that,  by  holdiu;ec  the  left  wuH  in  the  k^ft  handt 
mi  the  right  wall  paper  iu  tlie  right  hand,  he  may  thoroughly 
«atkty  himself  iu  every  wiiy  regarding  these  movenieots, 
mid  thtit,  iiiuiiediutely  motion  is  given  from  actual  contact^  a 
i*tiui$cqn4.njt  ditfcreuce  of  width  ensues,  and  that  no  other 
ifiieelkm  far  travel  will  produce  similarly  right-angled  widths 
•i*ttme  partH  of  the  vein, 
-.  iiierefore  becomes  apparent  that  where  the  dip  was 
gltalert  the  vein  was  also  larger,  and  at  E,  where  it  \&  sup- 
Jir^d  la  he  horizontal,  it  is  of  no  width  whatever;  and,  cou- 
(I6qtti*utlyf  nuire  freedom  for  the  convey  an  ce  of  mineral 
wnttrSf  juid  suhBerpient  intiltration  of  mincralii,  prevailed  in 
MCh  npeii  seetiouB  than  where  the  vein  was  more  contracted. 

'*^  n,  referring  to  the  portions  of  the  veins  that,  having 

^oti-  tfacc  l>eariug^,  are    richer  here   than  there  (and 

whidl  «omL'timtM  may  apply,  for  similar  reanons,  to  "ciinnt- 
lOp**  and  ♦*erotiH  v«-*ins*),  it  will  be  only  necesi?ary,  instead  of 
looking  at  tlie  rcrticul  ac^^f ion's  line  of  contraction  as  regards 
I  Sp^  to  take  a  ^^hird's-et/e*'  view  of  the  ^airfare  or  gromid  plan 
of  the  veins,  ub  shown  l*y  Figure  3,  and,  regardless  of  the 
hit  leeetion,  to  ascertain  the  bearm<i  hi/  mofintik  i^ecdk  of  the 
Vmt  i)f  r^mtrncfkm  that  caused  the  withdnuval  of  the  wallg  and 
o[*enin4^  of  the  fissure- 

I'i  FiiTure  3  repres^^u  die  ground  plan  of  three  veins,  a 
liar  vein,  a  caunter  (nr  diagonal  vein),  and  a  cross-course; 
bt'arin^  of  the  line  of  contraction,  according  to  the  pre- 
Mt  would  be  at  or  about  a  right-angle  from  the 
J   ^  on  and  the  widest  part  or  partes  of  the  prinripal 

Jmn,  Dui  idiown  by  the  arrows, 
il  plain  on  this  plan  as  it  did  by  the  section,  that 

*.....,,,  ....al,  ur  merely  medumit'al  cxj>iamitiou,  shows 
iimt  reaHont*  for  greater  spaces  at  A  and  C  than  at  B, 
till  '  nentroum  fijr  deposition  of  ujinerals;  and  that  no 

p  r.*rcnce  in  the  princi[>le  of  action  exists  between 

til  I  ami  the  h»irixontal  than  that  the  line  of  sectional 

eofitmetion  of  Figure  1  is  a  constimtly  eloge  aitproximate  to 
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that  of  the  Earth's  surface,  or  a  tangent  to  the  Earth's  radius, 
whilst  that  of  the  plan,  Figure  3,  is  as  variously  ehangeahle 
as  the  direction  of  the  veins  of  each  individual  district 
throughout  the  worid.  I  hold  this  to  be  a  novel  and  tangible 
reason  for  this  notorious  rule  for  richer  portions  of  veins,  and 
believe  that  very  often  it  may  also  be  the  reason  why  the  flat 


veins,  "cauntcrs,'*  and  "cross-courses"  arc  less  minei^lized 
than  those  that  lie  more  transversely  to  the  lines  of  greater 
contraction. 

Where  an  occasional  exception  occurs  to  this  rule,  the 
subsequent  decompositions  have,  for  similar  reasons,  again 
dispersed  the  minerals. 

16.  Free  passage  and  plenitude  of  water  are  regarded  as 
essential  to  extensive  deposits  of  the  minerals;  which  also 
fevor  these  reapons,  and  that  such  portions  were,  and  are 
being,  mineralized  by  infiltration. 

17.  Lodes  often  vary  in  size  for  other  reasons  than  those 
of  direction  and  dip;  and  the  larger  places  are  generally 
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»n«ch  richer  (for  the  reason  of  eueli  free  passage  of  water) 
tliau  their  more  compact  sections. 

These  frequent  expansions  or  '*  wallows"  of  lodes,  between 
irreirulrtr  walls  that  must  have  been  first  parallel,  may  have 
been  produced  by  hio^lily  heated  water  (as  de^^eribed  in  Chap- 
ters II  and  VI),  which  would  dissolve  or  hydrate  silicic  acid 
(quartz)^  and  the  ftilicates  of  potash  and  alumina  from  the 
swijoining  rocks,  and  thus  aJd  to  the  general  solution  more 
of  the  solvent  or  matrix,  silicic  acid,  with  the  alumina  or 
elayfor  the  joints  and^widis;  whibt  the  precipitant  of  potash 
wonld  also  be  similarly  watered  and  released  from  its  affinity 
b)'  tliis  high  degree  of  heat,  and  provide  an  assistant  in  the 
precipitation  of  nunerais  at  shallower  &ections  of  the  vein, 
after  the  jii'eiisu re  and  temperature  had  become  suitable  for 
this  change  of  action. 

18,  Lodes  (having  also  the  other  neceasary  conditions) 
\vhich  vary  in  di relation,  dip,  size,  etc,,  are  more  plentifully 
supplied  \inth  minerals?  tlmn  those  of  perfect  regularity. 

ID.  When  mineralized  kide.s  are  intersected  or  crossed  in 
length  or  depth  by  **caunters,"  ** cross-courses,*'  ^'slides,"  or 
*'dikes/'  tlicy  are  generally  improved  at  and  near  their 
j^iuc'tion;  although  Kometimes  t\\e  reverse  is  the  case. 

20.  A  lode  is  often  mineralized  on  the  otie  side  of  all  such 
intersect  ions,  and  not  mijieralized  on  the  olher  side. 

21.  A  lode  is  often  larger  on  one  side  of  a  cross-course 
than  it  is  on  the  other  side. 

22.  A  lode  is  often  shifted  downwards  in  the  manner  and 
direction  as  iil nitrated  by  Figure  1,  at  c,  c,  and  c;  and  sonie- 
tinjes  horizontally,  as  shown  by  Figure  3,  at  /and  /;  but  it 
w  more  frequently  tbund  on  the  obtnse-angled  side,  and  when 
tiot  thus  situated,  if  the  Btratnm  were  transparent,  it  would 
be  tfcen  that  a  very  small  iutervcning  block  of  country  had 
been  shifted  to  accommodate  the  more  regular  motions  of  the 
nitich  more  extensive  controlling  sections. 

23.  The  length  of  am/  oite  lode  is  ffcnrralb/^  and  tlie  toial 
kntjth  of  alt  ihc  hdvs  of  a  system  of  veins  that  have  lieen  tlios 
tibifted,  is  itwariaUf/,  k's\s  than  the  present  length  of  the 
ground  in  whicli  they  ni>w  lie;  because  (as  generally  sup- 
pmed)  the  strata  have  slidden,  or  contracted  and  shoitened, 
more  in  the  one  direction  than  in  the  other, 
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24.  Other  guides  to  the  positions  of  slidilen  lodes  are  thi 
coniparative  pereohitioit^  aud  miuorulizutioii  (ascertained  prac- 
tically by  taste  ur  analysii^}  of  the  waters  from  both  waya 
aod  a  8!i*^ht  tiirnini^  of  the  v(*in  towards  it?^  disjiiiicted  part. 

25.  True  fissure  veins  seldom  crop  out  boldly  above  the' 
surface  of  the  ground.     This  is  a  geueral  rule  \n  Cornwalh 

26.  Rich  lodes  have  their  completely  baiTcn  spots,  arnl  the 
ponrei*t    lodes  liave    occasional    stones  of   rich   ores,    whicli™ 
should  not  intatiiate  and  deceive,  f 

27.  Lodes  of  regular  yield   are  the  desideratum    of  the 
miner.     They  are  easily  worked,  and  are  more  reliable.* 
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Should  be  carefully  and  continually  oliserv^cd,  as  they  will 
serve  to  guide  you,  to  an  eminent  degree,  in  the  development 
of  Ihe  mine.     Passing  by  the  minor  facts,  the  subjects 
intersectious  as  governed  by  bearings  and  dips,  disjuncture 
aud  heaves,  cannot  be  too  well  studied,  for  the  correct  posil 
tions  of  shafts,  levels,  etc.,  as  well  as  for  machinery ;  seeing 
how  many  really  good  mines  have  been,  and  are  now  being 
poverty -struck  by  such  ilbconsidered  practices. 

It   will   suffice    to   more    particularly   caution    the   miner 
against  this  one  great  and  general  mistake,  by  the  following™ 
thrce4"old  illustration  and  example,  whiclj  will  apply  also  ta| 
deposits  of  ore  that  almost  invariably  dip  more  or  less,  the 
one  or  the  other  way. 


*1  am  uf  the  opinion  thut  HUbaugli  the  vrtriou-?  ^imtii  of  t'otUs  and  bed-rod 
hnvo  acta  nil  J  changed  iheir  plnces,  (ti  r  vtrtiral  manner  fiure  deposition,  ll 
fissure  veiofr  bnve  not  been  horunntntltf  moved  to  jinvtbing  lik«  the  extent  accred' 
ited,  but  were  {has /ormtd  ht/ /rttctnrt\  a-i  ex|)lained  t>y  the  ftcrompanyinjer  figure. 


i 


The  cross-courses  were  lirgt  fractured;  then  the  repsilur  vcinB,  wbicU  wonld 
mitu rally  sway  Ihe  line  of  fracture  toward  the  obtuse  angU%  hecftusc  the  /««r^_ 
distance  would  grive  less  rrsist&ncs.     This  ia  frequently  illustrated  oq  ibe  ptsff^f 
tercd  ceilings  of  rooms.     The  first  crucks  run  in  a  regular  upinterrupted  umti- 
iwT^  aod  the  second  but  intervene  lielween  the  others*  as  iliustmled- 
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Cut  4  represents  a  bird*8-eye  view  or  plan  of  a  piece  of 
bard  and  expensive  ground,  that  is  2,000  feet  long,  in  which 
there  is  a  regular  east  and  west  lode,  that  dips  south  at  80  ° ; 
this  vein  is  intersected  by  an  oblique-angled  mineralizing 
"cauntcr*'  vein,  at  the  one  end,  that  also  dips  southerly  at 
60°;  in  the  middle  of  the  ground,  a  deposit  of  mineral  is 
shown,  on  the  east  and  west  lode,  that  dips  east  at  about 
70°;  and,  at  the  west  end,  a  mineralizing  cross-course  dips 
west  at  60°.  Thus  lie  three  valuable  deposits  of  mineral; 
the  one  in  the  middle,  and  the  others  at  each  end,  following 
the  influences  of  the  "caunter"  and  "cross-course,  and  each 
deposit  is  about  say  two  hundred  feet  in  length,  jis  shown  by 
the  darkened  central  portion,  and  those  that  adjoin  the  inter- 
sections. 

Now,  it  may  be  very  easily  perceived  that  this  mine  would 
have  been  unprofitable  if  worked  as  there  described  and 
shown  by  the  positions  of  the  one  shaft  and  several  very  long 
kvelg.  For  the  shaft  is  too  far  west  for  even  the  central 
hanch,  which  is  continually  worse  at  deeper  levels;  it  is  too 
ferofl:*  from  the  fast  departing  mineral  that  adjoins  the  under 
ride  of  the  cross-course,  and  still  worse  placed  for  the  eastern 
intersection  of  the  caunter,  which,  from  being  so  oblique  and 
dipping  so  much  less  than  the  main  lode,  carries  the  mineral 
that  is  deposited  under  the  intersection  rapidly  eastward, 
entirely  out  of  reach  of  this  one  shaft,  if  not  into  your 
neighbor's  ground. 

If  such  deposits  are  worthy  of  being  worked,  they  are 
worthy  of  being  wrought  properly,  and  therefore  shafts 
should  be  sunk  on  each,  with  separate  mechanisms,  where 
shown  by  Cut  5,  to  command  each  deposit,  at  about  midway 
between  the  depth  where  it  first  commenced  to  be  profitable 
Md  the  deepest  profitable  depth  of  the  district;  so  that  as 
Bttle  length  of  levels  as  possible  would  have  to  be  driven 
through  unmineralized  lode. 

Or  two  or  three  distant^  exploring,  ventilation  and  drainage 
levels  could  have  been  driven  from  the  central  i>umping 
power,  if  deemed  more  advisable,  at  distant  levels,  as  shown 
by  Cut  6. 

This  will  very  often  apply  to  one  "shoot*'  or  clip  of  deposit, 
•lid  seldom  in  the  manner  illustrated,  when  it  will  be  more 


METALLURQISTS*    COMPANION.  08 

advisable  to  have  two  shafts  for  one  deposit — the  one  for 
hoisting,  the  other  for  pumping — situated  from  two  hundred 
to  four  hundred  feet  asunder,  embracing  a  simihir  section  of 
the  run  of  ore  ground,  and  aftbrding  much  better  venti- 
lation. 

The  enirine-shaft  will  be  more  independently  eftejtive  for 
pumping  of  water;  whilst  each  will  aid  the  other  in  hoisting, 
ventilation,  and  traffic,  thus  aided  by  double  [jo-^ition,  so  that 
the  mine  will  be  more  expeditiously  developed  in  many 
ways,  but  particularly  by  having  four  or  six  sets  of  levels 
instead  of  two  only,  continually  0[)ening  ore  ground. 

As  it  is  most  important  tliat  the  rates  of  advance  of  such 
intersections  should  be,  for  many  reasons,  well  understood, 
the  following  will  show  an  easy  method  of  tingling  it  by  con- 
ilniction: 

Thus,  in  Cut  7,  where  the  first  levels  from  the  shafts  are 
Munanicated,  let  L,  L,  and  L,  be  the  regular  lode,  and 
V,V,  and  V,  the  intersecting  vein  at  three  different  levels, 


caanting  at  the  angle  shown;  S  is  an  engine-shaft  on  L,  and 
S  ifl  a  shaft  on  V.  The  distances  between  L  an<l  L  and  L 
«e  each  such  as  this  main  lode  would  gain  south  in  say  one 
hundred  feet  deep:  now,  by  marking  off  the  corresponding 
diatances  that  V,  V,  V,  would  gain  southerly  at  similar 
depths — say  in  this  case  about  thrice  as  much  —  and  drawing 
the  lines  according  to  the  bearing  of  each  vein,  we  thus 
arrive  at  the  .different  [►oints  of  intersection,  n,  //,  :ind  c.  and 
perceive  that  its  dip  is  traversing?  ejtstwardiv  danirerouslv 
fittt  from  us. 

Another  good  and  ['nictical  mod^l  may  })e  made  at  a  suit- 
able scale  of  the  vtins  of  a  mine,  as  tliey  lie  hi  sUUy  by 
iJaaking  an  OfKin  top  box  of  the  size  and  shape  of  your  snr- 
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face  ground  or  grant,  and  as  deep  as  man  ever  works;  in 
which  wires  may  be  passed  through  the  ends  and  sides,  so  as 
to  exactly  agree  with  the  diftereut  lodes'  relative  positions, 
bearings  and  dips,  so  that  their  intersections  may  be  seen  at 
a  glance,  at  the  different  intended  levels  of  the  future. 

The  best,  most  accurate,  and  reliable,  for  past  workings, 
are,  however,  good  plans  and  sections,  which  should  be 
always  kept  closely  posted,  in  all  respects,  and  hung  on  the 
walls  of  the  office,  that  all  concerned  may  see  them  as  oflen 
as  desirable. 

The  value  of  the  lode  at  each  fathom  driven  or  sunk 
through  should  be  invariably  recorded  on  such  sections, 
for  future  reference,  when  setting  tribute  "pitches"  or 
contracts.  A  duplicate  section  may  be  used  for  this  most 
impoitaut  purpose. 
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CHAPTER    VIII. 


THB  MORE  GEXBRALLY  RBCOGXIZED  PREMONITORY  INDICATIONS, 
IN  THE  SHALLOW  PORTIONS  OF  VEINS,  FOR  PROBABLE 
INCREASE    OF    MINERAL    AT    DEEPER    SECTIONS. 

The  most  prevalent  and  congenial  matrices  of  the  veins 
tte  quartz,  fliior  spar,  and  calc  spar;  which  control,  to  a 
certain  extent,  the  quantities  and  kinds  of  the  minerals. 

1.  Quartz  (silicic  acid)  is  an  universal  matrix  for  all. 

2.  Fluor  spar  (fluate  of  lime)  is  genenilly  favorable  for 
lead  and  copper. 

•3.  Calc  spar  (pure,  crystallized  carbonate  of  lime)  is  often 
fevorable  for  sliallow  depositions  of  silver,  and  sometimes 
load,  in  certain  magnesian  limestone  districts. 

Heavy  spar  (sulphate  of  baryta)  is  also  found  associated 
^th  quartz,  fluor  spar,  and  calc  spar,  in  moderate  quantities ; 
it  appears  to  take  its  position,  however,  more  as  a  chance 
mineral  than  significant  matrix. 

Gypsum  (sulphate  of  lime)  also  occupies  an  occasional 
place  in  veins  and  pockets  wnth  the  leading  matrices,  that 
cany  the  minerals  of  silver  and  lead;  but  appears  to  have 
exerted  little  influence  in  their  mineralization.  Dikes  of 
gypsam,  which  are  notoriously  deficient  of  mineral,  are  more 
frequent.  • 

4.  These  matrices  being  present  in  a  vein,  some  other 
indications  may  be  named,  amongst  which  a  properly  defined 
vein  lies  most  important;  for  really  valuable  deposits  must 
be  extensively  maintained  throughout,  as  well  as  contained 
therein. 

A  well  defined  vein  conforms  to  the  descriptions  given  of 
such  in  the  first  part  of  Chapter  VII,  which  need  not  be 
repeated  here. 

5.  It  should  not  be  too  small  to  contain  a  sufliciency  of  the 
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piirtieular  ruhirral  or  metal  songlit;  nor  so  liivge  lu  to  midSI 
Bcatter  the  minenil  tliroii«j^hout  the  matrices  of  the  veiu;  tb 
most  approved  width  is  about  four  feets,  and  wlieu  thiB 
much  exceeded  (for  the  above  reason  and  tlie  extru  expeii 
of    seeuriii;^    tlie    ground),    the    iprac^tleul    Vfdue    is   sekloi 
enhanced 

6,  The  matrix,  whether  quarts,  fluor  or  calc  spai^,  single 
or  niixeil,  shoiihl  expose  that  pccfdiitrfif  congenial  appearance 
80  familiar  to  tlie  niiner':*  eye,  yet  diftieult  to  be  deserilKnl 
whieh  shoiihl,  liowever,  be  closely  studied  by  the  novice, 
the  well  known  rieli  lodes,  w^  well  as  in  ilistriets  et|uall^ 
notorious  for  their  poverty;  that  he  may  also  recognize  t 
u7W0ii(/(fthly  fuM-hcarufff  spars.  The  liest  chamcteristies  fi 
prospej'ity  are  the  Ibllowing:  Tliey  should  not  be  too  com" 
part»  but  somewhat  triable,  **  rotten  ripe,"  or ''sugar  like* 
aUhoagh  giving  oeeasional  mgns  of  crystallization,  they  mu 
not  he  too  much  crystallized;  the  {juartz  should  not  have 
gem-like  transparency,  but  be,  in  its  pure  stat^,  white, 
stained,  V>y  the  oxide  of  iron  or  mangiinese,  to  cream,  ru 
or  rose  colors;  it  should  expose,  on  fracture,  a  moists  fidt 
(nul  ffcri(:rous  (fppearancCy  ratlier  than  **dry  and  hungry"; 
repletion  of  congenial  rpnilily^  nnt  tlrpUtion, 

7<  It  should   he  of  the   specilic  gravity  of  2,8,  and  n 
of  2.3. 

8.  The  oxide   of  alunniiuin  (alumina,  flueean,  or  clay)  is 
inviuiably  present  in  abundantly  mineralized  veins,  forming 
the  much  to  be  desired  clay-plastered  walls,  as  well  as  peai 
meating  tliroughout  the   mineralized   (Hirtions   of  the  vein? 
This  is,  of  course,  an  oxidized  metal,  and  us  much  a  nnnenil 
as  any  other;  but  it  appears  to  liave  been  lieposired  witlii>n 
the  quartz,  and   not  within,  as  was  the   ca:^^^  with   tlie  other 
minerals,  and  was  theretbre  a  subset] uent  foi  rnatii^kn,  thtis  far 
favoring  the  theory  hilly  describef^   in    (liapter  VI,  %vhere 
potassa  was  supposed  to  have  lU'ecipitated  the  minerals  frot^ 
their  acid  solutions.     The  alumiiui  (tluecan  or  clay),  (jtin^ 
prcsaU  in  (ibutidame^  is  therefoi*e  a  good  indication,  because  it 
must  have  been  derived  from  the  adjoinmff  fcMspar  during  the 
decom|»osition  of  tins  double  .nUcate  of  poiassa  and  alumina; 
which  must  also  huve  released  its  more  soluble,  constitutional 
potash  as  a  ffenerat  precipUanty  whilst  the  alumina  followed 
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more  slowly  in    mechanical    suspension,   to  fill   the  after 
spaces. 

9.  Chlorite,  a  mineral  that  varies  in  color  from  olive  to 
bright  green,  and  talc,  which  is  from  green  to  gray — both 
partaking  of  the  same  unctuous  feeling  as  clay — are  also 
looked  on  with  similar  approval  as  indications. 

10.  The  oxide  of  iron  appears  to  have  its  point  as  an  indi- 
cator, as  in  the  "gossan"  of  Cornwall,  which  is  believed  to 
be  an  infallible  mark  on  the  back  of  a  lode  for  copper  and  lead 
at  deeper  levels. 

11.  Sulphuret  of  iron,  too,  when  in  considerable  quantity, 
baa  a  similar,  but  deeper  intimation,  that  copper  will  be  found 
still  deeper.  As  a  rule,  the  oxide  is  mixed  with  an  exten- 
sively disintegrated  quartz,  which  was  the  result  of  the 
decomposition  of  the  sulphurcts,  that  preceded  the  oxide, 
«nd  thus  released  the  quartz  into  friable  condition,  to  a  depth 
of  ftom  a  few  feet  to  that  of,  in  rare  cases,  some  two  hundred 
feet  The  sulphuret  next  follows  underneath  in  like  manner 
until  a  change  appears,  and  copper  sulphuret  is  attained. 

The  reason  that  iron  is  such  a  gmercd  indicator  in  mineral 
^eins  is,  I  think,  more  owing  to  its  prevalence  in  the  adjoining 
^d'TockSy  than  to  any  chemical  effect;  and  like  alumina, 
chlorite,  and  talc,  it  shows  by  its  presence  that  sufficient 
actions  had  been  at  work  for  solvency,  and  that  ampld:  space 
bad  existed  for  free  traverse  of  iron^  and  therefore  the  other 
^eral  solutions.  It,  in  other  words,  evideuces  continuoua 
^ter  channels  in  the  vein,  and  by  its  presence  all  the  other 
^orapanying  minerals  that  chance  to  be  around. 

12.  Good  indications  for  increase  of  copper  and  lead  in 
depth  are  to  see  an  occasional  speck  or  stone  of  either,  or  the 
colors  of  the  blue  and  green  carbonate  of  the  former,  or  the 
yellow  or  brown  carbonate  of  the  latter,  above  the  water-line. 
^9  also,  for  all  the  minerals,  the  other  condition.^  being 
pKsent,  as  to  the  proper  definition  of  the  vein,  etc.,  their 
^oas  ores  being  found  in  small  quantities  in  the  nhallow 
portions,  favor  an  increase  in  depth.  Tin  lodes  require  the 
presence  of  oxide  of  ivfrn,  and  a  blue  atone  called  "capel," 
which  is  composed  of  quartz,  schorl,  and  hornblende. 

In  extensively  igneous   elevations  of  countrj',   tirH  rule 
•eldom  applies,  because  tlie  minerals  are  formed  by  diflen^nt 
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rTK*nriH,  ntn]  therefore  generally  expose  the  equally  goofl  par 
of  vein  or  deposit,  at  or  near  to  the  surface;  so  that,  although 
the  sj>trii  of  spf.culation   for  such   similar  increase  may 
mlmiral,  the  prnrfice  ranst  be  deprecaltcL 

V^,  Vuriatinn.'^  in  the  size  and  component  qnaHtiea  of  veina 
are  favorable  to  their  minerul  yields,  whether  the  change  i«l 
cauBcd  hy  diHerenee  of  direction  io  length  or  depth,  or  from 
<lecoinj>o:^ition  and  disintegration  of  the  encasing  walls,  for 
(•eairtoriH  previoufciiy  expUiined.  An  oecamonal  *' horse''  in  the 
vein  18  ftI«o  more  iavonible  than  otherwise.  In  other  wordsyfl 
very  ntraight  and  rogolar  veins  seldom  realize  profitable 
retunm. 

14.  Miiiend  water  indicates  proximity  to  its  source,  and 
conrtcijuent  approach  to  large  deposits  of  minerals,  both  when 
they  are  in  actual  course  of  deposition  from  such  solutions  a»^ 
when  they  are  being  decompoBcd  into  al'ter  solutions*  Lnrga^ 
deposits  of  nuneralj  however,  have  been  frequently  found 
intervening  tlie  stages  of  formation  and  decomposition  that 
aflordcil  no  yut'h  evidence. 

15.  IJnt  water  is  otleu  the  precursor  of  mineral  deposit*^ 
wliit^i,  by  percohiting  through  their  sulphurets,  warm  thi 
water  to  a  higher  degree  than  would  otherwise  result  at 
similar  depth, 

.  16.  In  ordiniiry  aceejytaiico,  embossed  or  *' boldly  cropping* 
veins  are  favored,  hecHUse  tliey  expose  evidence  of  continu- 
fttion,  rnUicr  (linn  plenitude  of  minerah 

17.   In  *Mrnc  fissure"  veins,  it  is  a  most  unusual  thing 
(tud  much  oiitrroiv;  and,  when  present,  it  is  not  a  good  bije 
for  mineral  weaUlu 

The  vein  should  be  »o  friable  as  to  give  way  to,  rather  than 
n^ftisl,  the  i^lfects  produced  by  washing,  freezing,  and  conse- 
quent ditvintegratious  from  water,  which,  aided  by  chemicall 
decomposition,  shoukl  pixxluce  "gossan/* 

It  must  not,  however,  be  forgotten  that  each  district  ha«,| 
to  n  certniu  extt*nt,  peculiar  indications,  beyond  those  already' 
uannd,  ami  that  some  of  these  arc  occasionally  of  no  very 
material  vaUie, 
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SECTION  II. 

EXPLORATION. 


CHAPTER    I. 


PROSPECTION. 


^rooi  time  immemorial,  it  has  been  the  first  duty  of  the 
miner  to  explore  or  prospect  the  surface  of  a  country  for 
D^inerals  and  metals,  and  for  many  ages  this  source  must 
hftve  yielded  a  sufficient  supply  for  the  limited  demands  of 
the  ancients;  but,  after  some  thousands  of  years  had  passed 
*way,  man  discovered,  not  only  more  metals,  but  infinitely 
varied  uses  to  which  they  could  be  applied  and  rendered 
eminently  subservient  to  his  purposes,  the  most  wonderful  of 
^Mch  are  the  printing  press  and  daguerreotype;  the  power 
loom,  the  steam  engine,  and  the  electric  telegraph;  mag- 
J^etism,  galvanism,  and  chemistry.  It  is,  however,  during 
the  last  century  that  its  developments  and  consequent  powers 
have  far  surpassed  all  previous  ages ;  for  the  steam  engine 
has  modified  the  maxim  that  "heavy  bodies  are  slow  to  be 
Dioved,"  and  the  electric  wire  has  more  than  realized  the 
poetically  wild  expression  of.  Shakspeare,  by  "putting  a 
girdle  round  the  Earth  in  forty  seconds." 

The  metals  are  not  only  a  necessity  for,  but  an  actual 
measure  of  civilization;  for  it  cannot  be  denied  that  the 
country  which  possesses  the  greatest  weight  of  manufactured 
metal  per  man  has  attained  a  corresponding  degree  of  civil- 
^tion  and  influence  in  the  world,  which  cannot  be  perpetu- 
ated without  an  inexhaustible  supply ;  it  is,  therefore,  imper- 
atively necessary  that  we  t^  '*^Be  by  every  available 
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systematic    means,   and    render  these  ruling   commodities 
cheaper  than  they  can  be  supplied  from  elsewhere. 

Remove  the  metals  from  the  world,  knowledge  and  power 
will  sink  into  oblivion,  the  glorious  light  of  civilization  wane, 
and  man  would  merge  into  the  hopeless  gloom  of  dark- 
ensuing  ages.  In  modem  mining,  the  business  of  explora- 
tion becomes  again  the  most  important  of  all  the  phases  of 
the  miner's  practice,  for  preliminary  judgment  governs  the 
after  success  or  misfortunes  by  the  wise  or  unwise  selections 
of  mineral  veins.  To  be  a  good  prospector  is,  in  itself,  a 
business  that  requires  many  qualifications,  as  well  as  much 
study  and  practice.  Constitutionally  robust  and  endaring,  he 
must  be  as  wary  as  the  Indians,  and  accustomed  to  their 
ways;  be  a  good  shot,  cool  as  a  statue  in  a  fight,  and  brave 
as  a  lion;  he  should  be  a  good  rider,  and  familiar  with  the 
management  of  horses,  under  many,  ever-varying  circum- 
stances, anticipated  at  daylight  for  realization  at  night,  for 
water,  feed,  safety,  etc.,  for  the  animal  and  liimself;  and, 
lastly,  but  certainly  not  the  least,  a  very  good  plain  cook,  and 
frugal  eater.  If  not  in  possession  of  such  qualifications,  he 
had  better  stay  within  the  more  tranquil  and  congenial  pale 
of  civilization. 
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CHAPTER   II. 


now   TO   EXPLORE. 

To  obtain  a  suitable  outfit  is  the  first  duty  of  the  pros- 
pector, and  the  following  list  of  articles  and  suggestions  may 
^  of  some  value  to  the  uninitiated: 

He  should  have  two  paira  of  thi(^k  blankets,  a  buffalo-skin, 
%  if  possible,  the  more  luxurious  comfort  afforded  by  a 
pneumatic  rubber  mattress  and  pillow,  which  are  very  light, 
pack  closely  (after  the  exhalation  of  air),  and,  by  protecting 
the  body  from  the  emanations  that  arise  out  of  the  damp 
ground,  prevent  disease  by  increased  accommodation.  Two 
strongly  buckled  leather  straps,  for  securing  blankets,  mat- 
tresses, etc.,  when  packed  for  traveling.  A  suit  of  strong 
gray  clothes,  a  change  of  flannel  underclothing,  a  slouch  cap, 
wid  a  strong  pair  of  boots.  A  Henry's  or  Spencer's  breech- 
loading  rifle ;  a  full-sized  Tranter's,  Smith  &;  Wesson's,  or 
Colt's  six-shooter;  a  leather  holster,  with  waist-belt,  and  a 
good  hunter's  knife.  A  mule,  or  a  mustang  hoi'se,  accus- 
^nied  to  mountain  life;  a  bridle,  having  a  short  whip 
attached;  a  homed  saddle,  fitted  with  rings  for  securing 
blankets,  saddle-bags,  water-canteen,  etc. ;  one  of  the  stirrups 
(I  prefer  the  left)  should  be  fitted  with  a  tube  for  receiving 
and  supporting  the  muzzle  of  the  rifle,  the  upper  end  being 
suspended  by  a  leather  yoke,  so  riveted  at  its  middle  that 
one  loop  can  be  tightened  on  the  taper  rifle-stock,  and  the 
other  passed  loosely  over  the  saddle-horn,  that  it  may  be 
fi^ed  for  immediate  use  when  necessary.  This  same  yoke 
can  be  used  for  "hobbling"  the  animal  at  nights,  by  punch- 
ing two  holes  at  a  suitable  distance  from  the  ends,  to  allow 
sufficient  freedom  to  the  legs,  securely  tying  with  buck- 
fitrings,  passed  through  these  holes,  and  stop-knotted,  so  that 
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tlie  fjiiiinal  ^liall  not  stray  too  far  away,  when  the  scatter^ 
piiiiturage  prohibits  the  line  of  a  picket -rope.  A  sum 
*'po!r*  pick,  and  a  light  and  solid  wrouglit-iroii  baknig-<!i«?l 
of  the  shape  of  the  proji|iector'8  pan;  to  be  used,  as  rerjulrc 
foreitherpurpo.se.  An  eight-iaeh  \vrouglit*iron  frying-pan 
a  cottee-pot,  tin-cup,  fork  and  spoon;  a  good  s^upply 
iiiatelies,  some  soap,  a  towel,  etc. 

These,  with  a  pocket-compasg  and  ^py-ghit*«,  ^-onstitiite 
tinst-elasis  prnsi*eetor"rt  outfit,  ami  with  such  (excejaiug  oul^ 
the  buffalo-robe,  mattress,  and  pillow),  the  writer  has  luatl^ 
a  lone  Journey  of  eight  hnndre*^  miles,  over  fourteen  range 
of  mountains,  in  thirty  days,  cooking  bread  and  victual 
en  route,  fmm  the  following  provinions:  Ftour,  fourteel 
pounds;  bacon,  ele%^en  pounds;  tea,  one-half  pound;  a  bo3 
of  yeast-powder,  with  popper  and  salt.  These,  varied  an< 
assisted  by  two  jack-i*ahbits  shot  on  tlie  way,  desserted  wit 
good  appetite,  were  more  relished  than  better  food  woul 
have  been  under  less  active  and  invigorating  eircumstanccs. 

It  would  lie  Folly  to  attempt  a  minute  tlescription  of  tb 
general  subtleties  of  sage-bush  copkery,  as  most  men  wi 
succeed  therein  as  well  as  I  did,  and  will  be  enabled  to  gc 
on  sufficiently  well  to  prevent  starvation  (if  not  to  realize  tU' 
value  of  tasting  grief,  that  they  may  learn  to  live  more  eo; 
tentcdly  at1:er\vanls);  and  necessity  will  dictate  many  varying 
dislics,  by  roasting,  frying,  and  stewing. 

There  is,  however,  one  suggestion  that  may  enhance  com 
fort,  when  passing  tlirough  an  unusually  dangerous  India] 
country,  when  fires  must  he  avoided  at  or  near  your  camping 
ground,  and  cold  collations  become  a  consequent  necessity 
In  such  eircumstances,  I  boiled,  when  in  security,  one-fonitl 
of  a  pound  of  tea  in  a  quart  of  water,  for  ten  minutes,  an 
after  rennjving  the  leaves,  continued  the  boiling  of  thii 
strong  tea-water  until  it  evaporated  to  about  a  pint,  which 
carried  forward  for  use  wlien  required;  it  will  be  found  tha^ 
one  spoonful  of  this,  when  added  To  a  cop  of  water,  makes 
much  more  palatable  and  refreshing  beverage  for  washiti 
down  your  frugal  meal  than  water,  and  it  will  prevent  th 
lieadache  that  will  otherwise  result. 

This,  being  under  peculiar  circumstances,  was  worse  fan 
than  such  men  generally  enjoy;  for,  as  I  was  alone,  and  trav^ 
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eling  over  strange  ground,  ray  poor,  unfortunate  animal,  even 
thus  freighted,  with  self,  supplies,  etc.,  had  to  pack  two  hun- 
dred and  lifty  pounds  thiity  miles  per  day,  under  a  scorching 
sun,  over  mountains  and  alkaline  flats,  partaking  of  her 
scanty  fare  of  chance  bunch  grass,  during  the  night,  most 
miserably  restricted  by  hobbles.  Mules  have  been  much 
extolled  for  this  work,  and  they  may  be  better  on  the  hard 
mountain;  but,  for  the  general  purposes  of  exploration,  the 
good,  hardy,  enduring  mustang,  if  free  from  vice,  is  not  only 
fiister,  but  much  easier  for  the  rider,  and  on  soft  ground 
travels  freely,  where  the  mule,  by  sinking  deeper  from  insuf- 
ficient area  of  feet,  is  retarded  at  every  step ;  moreover,  the 
mule*8  back  is  so  ridiculously  too  straight  for  the  requisite 
stability  of  the  saddle  when  traveling  over  undulating  coun- 
try, that  this  alone  would  tavor  the  use  of  the  horse.  As  to 
their  companitive  measures  of  amiability,  neither  can  claim 
much  superiority,  for  the  old  saying  of  "Stubborn  as  a  mule  " 
maybe  equaled  by  a  new  one,  ^* Wicked  as  a  mustang." 

These  desirable  equipments  are  too  often  curtailed  by  defi- 
ciency of  cash,  and  those  that  are  imperatively  required  are 
•elected  at  discretion ;  but,  in  no  instance  (unless  he  is  pros- 
pecting for  a  lunatic  asylum),  should  he  expunge  more  from 
delist  than  the  horse  or  mule,  with  their  api>endagcs;  the 
bufialo-hide,  rubber  mattress,  pillow,  one  blanket,  and  the 
rifle;  and  then  he  should,  if  possible,  obtain  the  substitute  of  a 
feithful  donkey,  to  pack  his  baggage  and  share  his  solitude. 

Before  moving  yourselves  away  from  water  and  grass,  it 
vill  be  necessary  to  resort  to  your  most  superior  judgments 
for  the  whereabouts  of  the  next  suitable  camping-ground, 
'fhich  I  have  seldotn  failed  to  anticipate,  from  the  following 
indications: 

In  viewing  a  distant  mountain,  take  particular  care  to 
n^^asure  with  the  eye  the  extent  of  mountain-slope  that  is 
drained  by  any  particular  cafion;  for,  the  greater  the  expanse 
of  such  surface  of  drainage,  the  more  likely  are  you  to  find 
water.  Granite,  by  absorbing  less,  yields  more  surface  water 
than  clay  slate,  and  clay  slate  more  than  limestone.  Snow- 
capped mountains  are  more  to  be  relied  on,  in  such  positions, 
than  those  that  are  uncovered.  Patches  of  willows,  cotton- 
wood,  wild  oats,  rye,  and  other  greens,  indicate,  by  their 
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exteiKknl  growth  beyond  the  iiiouthn  of  couoiib,  tlie  presence 
of  water,  Avliirh  may  be  oflten  seen  at  great  distauccs. 

Water  frequently  runs,  tUrring  tlie  night  anil  early  nvora^ 
miieh  fnrrhcr  down  the  flats  than  after  the  Him*s  meridian 
beat  lias  evaponited  a  portion  uf  tlic  running  stream  and  its 
upper  tribntarieft;  so  that,  in  apparently  dry  rivulet  hottoms, 
moisture  ntay  be  found,  if  not  water,  a  few  intdies  nnder  the 
Biirfuce,  showing  that  it  has  recently  run  thus  far,  and  the 
probability  that  it  still  runs  a  little  higher  or  nearer  to  the 
mountain  gorge. 

Where  water  rims^  grass  will  also  be  almost  invariably 
present,  in  suflieient  rinautities  for  transient  feeth  If  durk- 
ncBs  should  overtake  you,  before  reactiing  sueli  a  canon,  your 
animal  will  find  w\ater,  by  superior  iustinetive  faeultieek,  if. 
unrestricted  by  reins,  much  sooner  than  you  can. 

It  may  be  occasionally  necessary  to  ascend  ti  mountain 
that  is  dce[ily  covered  in  snow,  to  examine  some  prominent 
ont-crop;  and  if  you  have  not  the  regular  ten  feet  long  by 
four  inches  wide  snow-clog,  you  can  readily  make  a  subbti 
tutCj  by  interlacing  a  few  willows  to  ibnn  a  support  of  two 
feet  long  by  one  foot  wide,  with  holes  in  suitable  midway »j 
position  for  securing  them  under  the  feet  or  boots.  Thesa 
will  bear  you  up  in  very  soft  snow,  and  are  much  more  easil 
made,  carried  and  used  than  the  others,  which  require  con 
Mderable  practice,  for  much  advantage- 
In  cold  weather  traveling,  it  will  be  also  verj'  necessary  to^ 
resort  to  extra  artificial  means  for  keeping  the  hands  and  feet 
warnij  and  a  pair  of  kid  or  buckskin  gloves  or  mittens,  lined 
or  covered  with  flannel,  \v\\\  be  ample  for  the  hands ;  whilst 
a  barley-sack,  cut  into  rectangular  halves,  wrapped  and  tied 
amund  the  huots,  will  l)e  superlatively  eficctive  iii  preventii^ 
the  feet  from  becoming  cold  or  frowst-bitten.  If  you  have  no 
cord  for  securing  the  half-sack,  you  may  first  cut  the  sewing 
of  tijc  barley -sack,  and  tlien,  after  cutting  it  straight  tlirough 
its  longest  diameter  to  form  two  triangles,  they  umy  be  bound 
around  tbe  boots,  and  secured  under  the  hollow  of  the  sole,  and 
over  the  iui^tep,  by  knottiiig  the  acute  ends  of  the  canvas. 

Being  thus  prepared,  the  iniporhiiit  questions  arise: 
Where  to  prospect?  Wliieh  formations  should  be  sought? 
And  W'hat  should  bo  avoided? 
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WHKRE   TO    EXPLORK. 

There  are  but  very  few  general  rules  in  mineral  formations, 
and  in  some  instances  what  was  once  conforiTiable  to  rule  has 
become  so  modified  and  disguised,  by  extensive  volcanic 
action,  that  its  original  features  cannot  be  recognized,  but 
niust  be  valued  for  as  much  as  they  are  worth,  under  such 
uncertain  circumstances;  which  have  generally  produced 
limited,  irregular,  undefineil  and  scattered  pockets  of  the 
base  minerals,  and  when  combined  with  certain  circum- 
stances, at  more  remote  distances  from  volcanic  heat,  in  the 
interior  of  primitive  and  secondary  formations,  the  precious 
metals. 

The  history  of  the  w^orld's  mining  has,  however,  most 
clearly  demonstrated  this  very  important  fact:  that  all  of  the 
great  systems  of  true  fissure  veins,  of  the  extensively  profita- 
ble mining  districts,  have  been  discovered  and  wrought  in 
close  proximity  to,  or  within  a  few  miles  of,  the  junction  of 
the  primitive  with  the  secondary  formations:  sometimes  in 
the  former;  at  other  places  in  the  latter,  and  frequently  in 
the  both  strata,  at  the  same  time  and  place. 

This  principle  applies  more  palpably  to  the  older,  less  dis- 
turbed, and  more  regular  formations,  and  to  tbe  reactions 
that  have  been  produced  in  the  true  fissure  veins  of  Nature's 
laboratof}",  and  to  gold,  silver,  copi>er,  and  tin  deposits. 

Gold  and  silver,  although  strictly  conforming  to  this  posi- 
tion, appear  to  require  the  additional  assistance  of  a  partial 
dirtnrbance  by  somewhat  remote  or  subterraneous  volcanic 
heat,  to  collect  and  concentrate  their  atoms,  by  some  means 
(little  understood);  whilst  the  same  power  appears  to  lessen 
the  previous  deposits  of  the  volatile  base  minerals  by  dis- 
persion. 
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In  this  connection,  regarding  lead,  antimony,  zinc,  mer- 
cury, and  the  other  very  fusible  and  volatile  minerals,  I  have 
seldom  seen  a  profitable  mine,  for  either,  within  the  distance 
of  two  miles  from  any  primitive  range,  and  then  only  in 
transverse  veins  to  that  formation,  and  the  other  veins  of  the 
district;  but,  with  very  few  exceptions,  they  are  found 
ranging  from  this  distance  to  some  few  miles  away.  It 
should  be  remembered  that  very  small  patches  of  primitive 
rock,  accompanied  by  the  appropriate  surrounding  condi- 
tions, have  produced  some  of  the  most  extensive  ramifica- 
tions of  rich  veins  in  the  wx)rld  ;  so  that  very  large  primitive 
mountains  need  not  to  be  always  present,  nor  comparative 
mole-hills  be  despised;  for  where  such  arise  in  the  congenial 
clay  slates,  or  in  metalliferous  carbonates  of  lime  and  magne- 
sia, there  you  should  most  delight  to  sojourn;  for  such  hills; 
in  Cornwall  and  elsewhere,  produced  in  their  immediate 
localities,  near  their  junction  with  the  clay  slate,  in  both 
these  rocks,  enormously  rich  and  lasting  mines.  (See  page 
t)3,  and  this  cut.) 


In  the  United  States  of  America,  there   are  four  very 
extensive  and  interesting  mining  fields,  west  of  the  Missis 
sippi  Valley:  the  first  of  which  commences  at,  and  continues 
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from,  the  Guadalupe  and  Sierra  Madre  of  Mexico,  and 
passes,  in  a  northwesterly  course,  through  the  Territory  of 
Arizona,  by  several  somewhat  broken,  parallel,  primitive 
mountain  chains,  the  principals  being  the  Chiricahui,  Santa 
Catarina,  MogoUoii,  and  Pinaleno  ranges  of  mountains,  all 
of  which  are  known  to  be  surrounded  by  the  various  slates 
and  other  metalliferous  secondary  rocks. 

Ancient  records,  miners*  relics,  and  excavations,  have  been 
discovered  all  over  the  interior:  notwithstanding  these 
demonstrations  of  past  value,  this  country  has  been  thus  far 
but  partially  explored  by  modem  miners,  because  of  the 
persistent  determination  of  the  Indians  to  prevent  the  further 
encroachments  of  the  civilized  peoples  on  their  country  and 
hunting  grounds. 

The  second  commences  north  of  the  Colorado  River, 
where  the  Sierra  Nevada  rises,  and  continues  tliis  north- 
westerly course,  uplifting  on  its  western  slope,  for  hundreds 
of  miles  in  length,  the  talcose  clay  slates  of  California;  and, 
on  its  eastern  side,  numerous  patches  of  clay  slate  and  lime. 
This  western  slope  of  the  Sierra  Nevada  is  so  well  situated, 
for  climate  and  proximity  lo  the  ocean,  and  so  amply  sup- 
plied with  wood  and  geneml  provisions,  that  it  will  undoubt- 
edly become  the  most  profitable,  as  it  now  is  the  nio:?t  inter- 
esting and  extensive,  mining  field  in  the  world.  For  the 
Kasons  of  being  generally  covered  with  soil  or  alluvial 
debris;  the  anxiety  of  prospectors  to  penetrate  the  unexam- 
ined interior;  high  rates  of  wages;  paitiality  of  capitalists 
for  real  estate;  lugh  interest  to  be  obtained  for  money;  and 
h«ing  further  damaged  by  reckless  market  mining,  as  well 
as  by  the  more  ruinous  practice  of  erecVmg  the  various  reduction 
W'fo  before  the  mines  were  proved  by  shafts  and  tunnels; 
with  many  other  general  extravagances  from  unsystematic 
roining;  the  minenil  resources  of  the  country  have  not  been 
exposed;  but  the  day  is  not  far  distant  when,  after  many 
local  notions  are  forgotten,  and  mining  shall  become  the  pre- 
cursor of  milling,  that  the  quartz  veins  of  this  State  will  be 
worked  as  economically  as  those  of  Brazil,  Australia,  and 
ifeiv  Zealand ;  and  hundreds  of  ledges  will  then  be  reduced 
^  a  profit  that  are  now  unvalued  and  idle,  which  will  lead  to 
the  discovery  of  thousands  more. 
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This  ronge,  after  Ub  departure  from  Californm,  benclfi 
the  iiurtli  iioitbea^t,  and  cimtiiuiea,  by  way  of  Shasta  Peak, 
Mounts  Jefferson,  Pitt,  Hood,  Rainier,  Adams,  8t,  Helen's^ 
and  Bilker,  through  the  St^itc  of  Oret^on  and  Wasbiucrton 
Territory,  wliere  sirailar  analogy  predicts  mining  succees  iu- 
the  future.     It  then  bends  to  the  north  nortliwetit,  and,  aftei 
passing  tlirough  British  Colunihia,  enters  perpetual  snowj 
thus  furoiing  an  almost  entire  line  from  Mexico,  at  about  two^ 
huntlred  miles  distant  from,  and  parallel  witli,  the  coast. 

When  these  northern  countries  of  Oregon,  Washington^ 
Territory,  and  Briush  Columbia,  become  more  ibiekly  popu- 
lated, the  deuse  forests  will  be  cleared,  and  tlie  country  rocks 
more  closely  examined,  in  the  rolting  foot  hills  and  gulcliea 
that  are  now  inaccessible,  ^M 

The  thiril  iield,  the  Wahsateh  MountaiDs,  commences  aS 
little  north  of  the  Colorar»o  Kiver,  Bomc  hundredB  of  miles 
east  from  and  abreast  of  the  second  field,  and  runs  noith  to 
confluence  witb  the  Rocky  Mountains;  forming  the  eastern  . 
primitive  rock-rim  of  the  ininiense  volcanic  basin  of  Nevada! 
— passing  between  it  and  Utah — the  western  flanks  beings 
however,  chiefly  in  Nevada. 

From  the  Sierra  Nevada's  slope  to  this  primitive's  eleva- 
tion of  the  secondaries,  the  country  is,  with  very  few  except 
tions,  a  vast  belt  of  volcanic  cliukei^,  in  which  extensivi 
mining  districts  cannot  exist. 

The  mines  that  have  been  discovered  east  from  the  Com* 
stock  (which  is  on  the  Sierra  Nevada)  liave  been  in  connec 
tion  with  the  few  granitic  islands  that  withstood  this  volcanic^ 
fusion,  as  the  Austin  Monntnin,   Battle  Mountain,  Trinity 
Mountain,  and  the  mines  at  Unionville,  which  are  within 
mile  or  two  of,  and  were  uplifted  by,  the  [irimitives  of  RockyI 
Canon. 

The  Wahsateh  Mountains,  having  all  the  advantages  of  th€ 
various  granitic  and  the  older  secondary  forniutions,  that 
adjoin  its  both  slopes,  as  well  as  its  numerous  spurs,  being  of 
fevorablc  acclivity,  and  of  varying  distances  from  this  mon-fl 
Btrotis  volcnnic  cauldron;  some  parts  will  be  favorable  for 
base  minerals,  whilst  other  places  will  have  the  more  suitably 
remote  advantage  for  the  production  of  the  precious  miuei 
and  metals. 


m-fl 
lie" 

i 


metallurgists'  companion.  109 

It  is  also  probable  that,  as  eastward  distance  is  attained, 
nioderately  thick  deposits  of  coals  and  iron  will  be  discov- 
ered, in  the  more  central  basins  lying  between  these  and  the 
Bocky  Mountains. 

The  fourth  field  is  that  formed  bv  the  Rocky  Mountains 
(which  divide  the  water-courses  of  the  Atlantic  and  Pacific 
rivers),  as  they  trend  northerly  from  the  southern  portions  of 
New  Mexico,  through  the  Territories  of  Colorado  and  Wyo- 
ming; thence  northwesterly,  through  Montana  on  the  east 
tnd  Idaho  on  its  west,  into  British  Columbia,  where  this 
mighty  range  closely  approaches  and  parallels  that  of  the 
Sierra  Nevada,  both  bearing  with  the  coast  about  north, 
northwest.  In  this  enormous  distance,  the  eastern  slope 
will  present  constant  variations,  facing,  as  it  does,  such  a 
vast  plain,  formed  by  the  alluvials  of  all  ages;  under  such 
circumstances,  it  is  probable  that  the  metallic  minerals  will 
be  found  in  for  distant  sections,  along  its  serrated  sloj>es,  as 
•nitable  local  strata  may  encourage  their  presence;  and  that 
heavy  and  frequent  beds  of  coals  will  be  found,  transversely 
approaching  in  the  alluvial  sloughs,  at  vaiying  eastwardly 
distances,  when  remote  from  metamorphic  action. 

The.^e  are  the  genuine  fields  for  such  enterprising  men, 
»nd  where  their  indomitable  persevenmce  will  be  more  fre- 
qnently  rewarded  by  success. 

After  the  discovery  of  the  rich  Comstock  ledge,  on  the 
eastern  verge  of  the  Sierra  Nevada,  it  was  not  strange  that 
bold  prospectors,  favored  by  a  magnificent  climate,  should 
have  been  infatuated,  and  enticed  forward  into  the  far  inte- 
rior, for  the  prospection  of  the  unexi»lored  land,  that  loomed, 
with  all  its  distant,  enchanting  grandeur,  and  rosy  beauty, 
before  them,  as  mountain  after  mountain  arose,  with  irresist- 
ible enticements,  in  unprecedented  states  of  virgin  nudity, 
Md  apparent  nearness,  that  solicited  and  facilitated  their 
Examinations,  by  the  miner,  to  an  extraordinary  degree. 

Under  such  unusually  favorable  circumstances,  with  hun- 
dreds of  thousands  of  square  miles  of  bed-rock  uncovered, 
tile  wonder  is,  how  little — not  how  much — has  been  disco v- 
wed  per  ratio  of  the  money  and  labor  expended  in  this  part 
<rf  Nevada. 

The  minerals  that  may  have  existed  have  been  since  fused. 
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volatilized,  and  dispersed,  exeeptiiiL!^  Konie  few  vcini^  that  Ian 
in  and  iiuar  the  patches  of  primitive  roek  whicli  resi&ted  the 
progress  of  this  igneoiKs  contigu ration.* 

These  fonr  imniense  fields  for  prospeciors,  still  lyinj 
inostly  unexplored,  possess  nnusnal  advantages.  The  cliJ 
mate  is  iiiisurpaased  by  any  other  similarly  extensive  regioii 
in  the  world;  so  that  progpeetors  ean  sleep  out  with  inipu- 
nit  J,  and  incur  little  risk  from  disease.  The  mountains  ofj 
tho  interior  are  generally  bare  to  the  bed-rock,  jnul  inviins 
bly  so  in  the  gulches,  which  atford  superior  facilities  fod 
proDipt  examination. 

The  general  elevation  of  the  low,  flat  grouiuls,  constituting 
the   bed  of  an   ocean's  debris,  washed   from  tlie  niountair 

♦The  auLhf>r  has  traicled  through  most  of  the  portions  of  EanipC}  Western 
Asia^  and  North  AfncR,  more  particularly  celebrated  for  beauty  and  grandeur ; 
but  oothin^  in  these  countries  can  be  compared  to  matij  parts  of  this  vast 
interior;  more  particnlfirlv  wh^n  disphiyed  to  view  from  the  summit  of 
mountiiin  somewhat  higher  tljiio  those  that  Furrmmd  it. 

The  uliBDSphcre  is  bo  clear,  that  two  butidred  milep  may  be  seen  tbrougb 
more  distinctly  than  twenty  mtlea  on  the  seii^coasts  of  Northern  and  We^teri 
Europe;  ao  that  some  acorea  of  mountains  may  be  seen  nt  a  glance,  arising  ifl 
jawful  Eubtlmily,  realizing  all  of  the  bloes,  the  violets,  and  purples  of 
fclnter   (which   sometimes   appear  bo   unnatiiral),    and   affording  lessona  in 

ology  never  to  be  forgotten. 

Thia  is  pre-eminently  the  country  for  illustrating  all  Ibc  effects  produced  on 
Earth  by  fire  ut*d  water.  It  i^  very  remarkable  for  the  extremely  ruggedi  difrj 
jointedt  and  serrated  contour  of  the  enormous  ijuuntlty  of  irregularly  wasbe 
nalced  mountain  Hank^^  wliich^  trending  northerly  and  soulberiy^  like  as  manjrl 
eqoi-di^tuni,  elongated,  pyramidal  inlands,  ari&ing  from  an  oceon  ;  the  sand 
llata  being  all  of  the  same  level  and  alkaline  appearance,  whereon  nothing  bni 
the  wild  snge  and  greuse-buahes  grow,  as  successors  to  the  past  scethings  and 
conflagratious^  and  the  hardy  precursors  of  future  vegetation,  upon  the  ruins  of 
this  vast  cemetery,  where j  in  these  gradual  uprising.^  from  the  ocean's  muddy 
bed,  fish,  iinimab,  and  forests  grew  aufl  pelrified  ;  now  meaDdcring  rivers  run 
but  to  sink  into  the  volcanic  chasms  and  debris  of  the  past;  a  perfect  panorama 
of  geological  illuslrationj  exposing  the  wondrous  diveroities  and  tremenduui 
distortion.'i  of  the  past  and  the  fixed  tranquility  of  the  [>resent. 

Here  may  be  seen  at  one  glance  a  portion  of  an  ancient  ocean  bed,  with  itt 
fossils,  on  the  anmroit  of  the  highest  mountain ;  on  the  next  intervening  Aai, 
nn  extensive  petrified  forest;  innumerable  hot,  variously  mineralized  alkaline 
springs,  as  miniature  water  volcanoes;  large  ejitlnct  6re  and  water  votca.noc8^ 
Bulphur  mounds,  alkaline  flats;  extensive  seas  of  frozen  lava;  amidst  enor- 
mous more  general  yphcaves^  equally  trfmendoua  disjunctive  shifts  occur,  thai 
expose  every  conceivnble  form  and  color  to  the  open  day  of  a  climate  that  is  to 
ctearand  dry  for  vegetable  luxuriance,  though  most  resplendent,  and  superlA 
itvely  congenial  for  man. 
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during  the  gradual  upheaval  of  this  region,  is  now  about 
4,500  feet  above  the  level  of  the  sea,  and  affords  natural 
roads  for  traveling  in  any  direction  from  mountain  to  moun- 
tain; whilst  their  foot-hills  and  canons  generally  supply 
sufficient  bunch-grass  and  water  for  feeding  the  animals. 

Another  advantage  is  realized  from  the  fact  of  animal  food 
keeping  an  almost  indefinite  time,  without  being  salted,  even 
daring  hot  weather,  from  the  dryness  and  rarity  of  the 
atmosphere. 

It  is,  moreover,  free  from  dangerous  wild  beasts,  and  the 
Indians  generally  prefer  giving  civilized  man  a  wide  berth. 

In  mining,  it  will  havQ  the  advantages  of  high  reserves  of 
mineral  in  the  mountain  veins;  and  for  this  reason,  the  lack 
of  rain,  and  that  of  the  general  fact  of  a  peculiar  disposition 
of  the  water  to  sink  deeper  in  this  elevated  and  disjointed 
country,  large  pumping  engines  will  seldom  be  required; 
whilst  wood  is  generally  found  in  sufficient  quantities  for 
hoisting,  milling,  and  smelting  of  the  ores.  The  disadvan- 
tages are  their  remote  positions  from  the  sea,  which  are 
already  modified  in  one  belt  by  the  completion  of  the  Atlan- 
tic and  Pacific  Railway.  Other  railways  will  in  time  follow, 
to  benefit  the  different  transvei'se  belts  through  which  they 
must  pass.  This,  coupled  with  the  present  high  rate  of 
wages,  etc.,  will  prevent  the  successful  mining  of  base  min- 
erals by  companies.  Gold  and  silver  will,  of  course,  if  in 
quantity,  overrule  these  difficulties,  and  can  be  mined  any- 
where at  a  profit.  A  class  of  miners  have  sprung  into  ope- 
ration, on  both  sides  of  the  Atlantic  and  Pacific  Railway, 
that  gives  this  matter  quite  a  new  feature,  which  is  that  of 
poor  men,  or  the  prospectors,  working  their  own  ledges,  and 
forwarding  the  ores  to  a  San  Francisco  market,  saving  many 
expenses,  and  thus  realizing,  in  some  cases,  a  satisfactory 
amount  for  their  labors,  on  ledges  or  from  pockets  that  would 
utterly  fail  in  the  hands  of  larger,  more  expensive  and  cum- 
brous companies,  working  for  such  profits  as  mines  should 
realize,  to  reimburse  preliminary  expenditure,  and  yield 
commensurate  dividends,  for  greater  expectations. 
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CHAPTER    IV. 


THE  PECULIAR  KINDS  OF  THE  PRIMITIVE  AND  SECONDARY  ROCKS 
THAT  CONCERN  THE  MINER,  AS  BEING  MOST  CONGENIAL  FOR 
RICn   veins;   ANDt)5iIUT^»If)RMATI0KS   SHOULD   BE   AVOIDED. 

In  the  preceding  chapter,  some  generally  observed  princi- 
ples have  been  analogized,  as  to  the  more  probable  positions 
for  the  profitable  plenitude  of  the  minerals  of  this  country: 
which  I  will  now  endeavor  to  more  directly  elucidate  (so  far 
as  words  will  be  understood),  for  the  practical  guidance  of 
prospectors. 

It  has  been  previously  stated  that  the  extensive  and  profit- 
able mines,  throughout  the  whole  world,  have  been  found 
near  the  junctions  of  the  various  primitive  and  secondary 
strata;  in  the  former,  or  the  latter,  and  sometimes  in  the 
both;  and  although  this  is  literally  true,  other  collateral 
causes  must  be  also  present,  to  create  the  fissures,  and  to 
supply  them  with  mineral  elements,  and  their  solvents  and 
precipitants,  or  minerals  will  not  be  deposited  therein. 

For  instance,  a  granitic  range  may  traverse  through  and 
uplift,  on  either  slope,  hundreds  of  miles  of  secondary  rocks, 
neither  formation  having  veins;  or,  having  them,  the  mine- 
rals will  be  insuflicient  to  pay  for  their  extraction ;  but  sud- 
denly certain  changes  will  present  indications  to  the  eye  of 
the  miner,  that  will  induce  him  to  halt  for  more  careful 
inspection. 

Again,  the  prospector  may  travel  transversely  over  a  com- 
pact, stainless,  primitive  mountain,  as  the  Sierra  Nevada, 
from  the  eastern  verge  of  the  Califomian  system  of  aurifer- 
ous veins,  without  seeing  a  lode,  until  he  reaches  the  appro- 
priate formations  on  its  eastern  slope,  as  at  Virginia  and 
Carson  Cities. 

The  questions  now  arise,  as  to  what  additional  i^ppMr*  ' 
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iice«,  modifications,  and  transformations,  should  be  sought 
by  the  explorer,  in  these  strata?  In  this  connection,  there 
re  five  valuable  premonitory  indtcnttona;  the  first  being 
what  will  be  better  undenatood  na  broken  ffroundy  or  pSLTtm] 
disruption,  disintegration,  and  decomposition  of  the  stratum ; 

I  where  frequent  erumplings,  distortions,  and  fractured,  show 
that  gaffictent  farce  has  been  in  action  for  the  creation  of 
Teing,  and  shattering  the  sun'ounding  bed-rock,  for  the  free 
p^tcolationa  of  mineral  waters,  as  well  as  greater  freedom 
for  the  decompositioas  of  those  rocks  which  may  contain 
their  precipitants. 
The  centi'cs  of  extensive  primitive  ranges  are  naturally 
very  compacts  and  water-tight;  and,  consequently,  no  veins 
or  minerals  are  found  in  ench  remote  positions, 

Becondlj',  it  is  advantageous  to,  and  characteristic  of,  min- 
eralized districts,  when  reeft^  of  variously  compounded  rocks 
iDterliice  and  distort  the  primitive,  transition,  and  secondary 
fonnations,  by  curvatures,  "heaves,"  and  ** slides";  and  the 
more  so,  when  they  give  evidence  of  different  ages  of  such 

I  disruptions. 
Thirdly,  for  gold  it  is  an  invariably  favorable  sign,  aa  it  is 
aometinies  for  silver;  when  the  upheaved  talcose,  micaceous, 
ttid  argillaceous  clay  slates  are  much  folded  and  tilted,  even 
tttthe  vertical,  for  long  distances,  from  their  originally  hori- 
zontal position,  and  when  the  very  Uwesi  foot-hills  and  ocean- 
ward  flats  show  the  presence  of  the  oldest  fossils  of  salt- 
water shells. 
Fourthly,  a  moderate  amount  of  the  stains  from  tjie  oxide 
I  of  iron,  generally  disseminated  throngbont  the  stratum,  and 
Wiiied  with  the  sulpliurcta  of  iron  in  and  near  the  vein,  are 

I  excellent  guarantees  for  the  presence  of  nearly  all  of  the 
metals,  and  metallic  minerals;  many  of  which  are  jibv^t 
found  out  of  its  company. 
Aod,  lastly,  that  which  will  be  almost  impossible  to 
tiei^cribe,  although  as  much  heeded  by  the  miner  as  the  soil 
5*  by  the  farmer,  consisting  of  a  peculiarly  congenial  and 
prolific  stratum,  and  a  correspondingly  generous,  maternal 
Mature  of  the  quartz,  from  the  veins,  aa  well  as  a  fresh,  preg- 
nant ripeness  of  the  minerals  themselves,  as  if  but  just 
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arrived  at  pobei-ty  of  etrength,  ere  thej  were  again  dispers" 
by  Nature's  solvents. 

These  indications  are  designated  by  miners  ''kind 
ground/'  ''sugary  spar,"  and  '* rotten  ripe**;  the  reven 
being  **ugly  nnkindly  ground/'  'Miungry  eountr}^  spar,"  an 
**dried  up  ore":  each  particular  meaning  being  well  undei 
stood  by  tbe  miners,  and  acted  on  during  their  prnetieal  live 
to  assist  them  in  arriving  at  the  more  profitable  sections 
veins,  during  their  speculative  tribute  con  tracts* 

To  describe  the  rocks  which  should  he  avoided,  wh< 
searcbing  for  minerals,  is  an  easy  task.  In  the  first  place, 
is  nnadvisable  to  go  far  away  from  tiie  junctions  of  the  tranf 
tion  or  secondary  with  the  primitive  rocks,  or  into  the  interim 
of  the  more  igneous  A'oleauic  regions. 

Secondly,  all  extensive  regions  of  p('7'ous  volcaiiic  bed-rocj 
should  be  desiiiscd,  for  deficiency  of  veins,  and  paucity 
minerals;  for,  although  it  maj'  be  said  that  the  7iative  copp^ 
mines  of  Lake  Superior  are  in  arnygdaioid,  this  is  a  solitai 
exception,  where  volcanic  fire  may  have  interfused  the  mi 
erals  into  metals  that  existed  in  pockets  or  veins  prior ! 
such  invasion ;  be  this  so,  or  not,  I  know  of  no  other  instant 
where  metallic  eopper  is  found  in  veins  that  are  entirely  desU 
iute  of  the  minerals  of  copper ;  and  therefore  it  does  not  co 
flict  witli  these  rules  for  minerals. 

Thinlly,  the  modern  carbonates  of  lime  and  magnesia,  am 
clay  slates,  that  enclose  well  defined  shells,  seldom  produ 
veins  witli  sufficient  mineral  to  pay  for  extraction;  exceptin, 
rare  pockets  of  silver,  and  the  mineials,  lead,  iron,  coals,  etc. 

Fourthly,  avoid  too  close  proximity  to  extensive  depoai 
of  mineral,  the  property  of  otliers,  as  the  largest  bunch  hj 
its  limits,  and  sufficient  space  must  intervene  for  the  accu 
muhitions  of  the  mineral  elements,  or  precipitants,  befort 
another  considemble  body  of  ore  can  be  deposited;  it  is  gen 
erally  better  to  go  a  few  hundred  feet,  and  often  miles,  awaj 
from,  than  to  mine  in  close  proximity  thereto;  the  history  o] 
great  discoveries  liave  too  frequently  shown  a  large  debil 
balance  to  such  districts  from  this  practice. 

And,  lastly,  to  guard  yourself  from  becoming  too  mue 
attached  to  your  own  ledge,  mine,  or  district,  by  discardiu 
sanguinity,  and  searching  for  defects  and  poverty;  never  for 
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getting  these  patented  facts:  that  deposits  fail  much  oftener 
than  they  continue  rich,  and  that  veiy  many  blanks  must  be 
draimi  for  one  prize. 

As  an  illustration  for  exposing  the  folly  that  minerals  are 
equally  disseminated,  or  that  riches  must  generally  extend 
because  a  mine  or  two  has  been  profitably  worked  in  a  dis- 
trict, it  may  be  interesting  to  the  reader  to  know  that  the 
County  of  Cornwall,  England,  is  altogether  but  a  mere  speck, 
forming  an  isosceles  triangle,  on  a  base  of  about  forty  miles, 
and  about  one  hundred  miles  from  base  to  apex.  Small 
wit  is,  as  a  whole,  not  much  more  than  one-hundredth  part 
has  been  proven  to  be  profitably  mineralized,  which  is  not  in 
one  particular  district,  but  lies,  as  it  were,  in  some  few 
small  spots;  the  intervening  ninety-nine  parts  being,  so  far 
tt  known — after  a  thousand  years  mining  for  minerals,  that 
for  many  generations  almost  supplied  the  world — as  worth- 
1^  as  any  other  unmineralized  country.  The  rich  districts 
ftink  and  surround  small  but  genuine  granite  hills,  or  are 
near  thereto  in  basins  of  "killas,"  which  is  a  very  peculiar 
kind  of  rotten,  disjointed,  and  but  slightly  stratified  argilla- 
ccoos  clay  slate,  that  is  of  very  different  appearance  to  the 
outlying,  unmetalliferous,  and  more  stratified  clay  slates. 
These  districts,  commencing  at  the  apex,  are  the  St.  Just, 
8t  Ives,  Lelant,  Marazion,  Iluel  Vor,  Wendron,  Qwinear, 
Oaim  Brea,  Gwennap,  St.  Agnes,  Chiverton,  St.  Austle, 
Fowey  Consols,  Bodmin,  Liskeard,  and  Calliugton. 

It  should  be  remembered  that  even  these  small  and  closely 
ntoated  districts  have  some  individual  peculiarities  of  form- 
ation and  character  of  strata,  indicative  matrices,  and  mode 
of  occurrence  of  the  minerals  in  relative  positions. 
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CHAPTER    V. 


IB     LOCATOR  S     PRELIMTNARY     EXPOSITION     OP    THE     GEM 

FEATURES    OF   A    VEIN,    SO    AB   TO    ASCERTAIN    ITS    APPROXl-j 
MATE   VALUE, 

After  the  location  or  preemption  of  a  vein,  it  is  impent- 
tively  necessary  that  a  certain  locally  regulated  aniouut 
work  must  be  performed,  within  a  specified  time,  prior  to  it 
being  placed  on  record,  so  as  to  secure  legal  possession;  anc 
this  work  should  be  executed  for  the  more  useful  purposes  i 
ascertaining  the  definition  and  vahie  of  a  ledge:  such  ha 
not  been  the  practice,  for  it  has  generally  consisted  of  ail 
open  cutting  through  the  softest  place,  so  that  the  reqoir 
number  of  cubic  feet  could  be  excavated  in  the  softer  **bed^ 
rock,"  wnth  the  least  possible  trouble  to  the  discoverei 
Ignoring  this  or  any  other  useful  purpose. 

IIa<l  the  law  demanded  that  the  first  columns  for  markinj 
the  discovery  should  be  superseded  by  other  columns  ol 
rock,  broken  from  the  ledge  itself,  within  the  usually  spccii 
tied  time  (for  the  excavation  of  cubic  feet),  this  would  at  th^j 
same  time  accomplish  an  actual  examination  of  the  vein, 
one,  or  on  many  points,  which  could  be  still  farther  system 
atized  by  taking  the  matrix  vein  stone  from  a  hundred  placeaj 
all  over  the  back  of  the  lode,  and,  after  breaking  ten  timt^ 
as  many  pieces  from  all  the  corners  of  each  of  the  mont 
mental  stones,  it  might  be  treated  aa  follows  for  cxaminatiaH 
and  value: 

Crush  all  the  small  pieces  thus  obtained  between  two  flat 
hard  stones,  to  the  size  of  peas,  and  after  collecting  all  th^ 
debris,  coarse  and  fine,  and  mixing  them  as  intimately 
possible,  take  therefrom  two  portions  of  about  one  pound 
6ach;  the  one  pulverize  as  fine  aa  your  convenience 
allow,  and  treat  by  water  in  year  prospecting  pao,  baldoj 
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ffisli,  or  horn  spoon,  for  gold,  or  for  the  nature,  quality  or 
quantity  of  the  heavy  residue;  if  this  test  is  found  to  be 
encouraging,  forward  the  other  portion  to  a  professional 
aasayer,  to  ascertain  its  value. 

This  will  be  more  fully  and  correctly  described  in  Part  IH, 
Chapters  I  atid  UI,  lor  those  having  the  portable  prospector^s 
"Wee  Pet'*  assaying  machine,  to  finish  the  assay. 

The  most  absurd  and  frequent  practice  of  single  stone 
assays  cannot  be  too  severely  ridiculed;  for  it  would  be  just 
M  reasonable  for  a  geologist  to  land  on  a  strange  coast,  and 
prouounce  the  whole  country  similar  to  what  he  saw  beneath 
his  feet;  or  as  correct  for  a  burglar  to  enter  a  general  hard- 
ware store,  during  darkness,  and,  bringing  the  first  thing  he 
haodled  to  the  light,  to  say  that  the  whole  store  was  stocked 
with  pestles  and  mortars. 

This  more  eystematic  and  rigidly  correct  method  for  aver- 
aging its  quality  may  expose  the  ungarnished  truth,  and 
dump  your  ardor;  but  it  need  not  debar  you,  if  you  will  still 
work  the  wires  of  deception,  from  the  diabolical  and  too 
prevalent  practice  of  selecting  the  best  stones  that  you  can 
fiad  in  the  more  favored  parts  of  the  vein  for  city  exposure, 
to  directly  mislead  ^Aem,  and  to  draw  the  finger  of  scorn, 
I  ultimate  ruin,  and  disgrace,  on  i/ourselveSj  and  on  mining. 

It  frequently  happens  that  ledges  disappear  under  the  soil 
'ofBurtUce  debris;  and,  wlien  such  hides  the  vein,  it  may  be 
found  by  what  has  been  called  in  Cornwall  "cost caning,** 
ivhich  is  simply  a  search  for  the  back  of  the  lode,  by  a  right- 
aagled  cutting  or  a  few  transverse  pits  or  shallow  shafts,  that 
attain  the  '*fast,*'  or  bed-rock,  and  sometimes  the  lode  or  its 
relics,  unless  it  happens  to  lie  between  these  excavations, 
when  it  is  discovered  by  a  level  driven  partially  in  the  bed- 
rock from  one  to  the  other  shaft.  In  the  absence  of  better 
proof  for  its  position,  a  straight  line  may  be  drawn  on  its 
I  bearing  where  last  seen,  and  suitable  allowances  made  for 
local  contour  and  influence  of  the  enclosing  stratum  or  strata. 
For  example,  we  wiU  snppose  this  direction  line  runs  due 
nouth  over  descending  ground,  and  the  vein  dips  east,  or  to 
tke  left,  at  45 ^'^  It  will  be  only  necessary,  in  such  a  case,  to 
take  the  diffei'ence  of  altitude  of  the  known  and  unknown 
pMt«  on  this  side  of  the  vein,  and  to  measure  towards  the 
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east,  or  left  hand,  its  gain  from  such  dip  in  that  direction, 
which,  in  this  case,  would  be  exactly  as  much  as  the  fall,  or 
difference  of  height,  of  the  two  places. 

This  will  also  apply  for  rising  ground,  by  reversing  the 
measurement  to  the  right. 

"Float  stones"  frequently  serve  to  direct  the  prospector, 
which,  being  almost  invariably  found  on  the  lower  side  of  the 
vein,  indicate  a  higher  position  for  the  croppings  of  the 
lode. 

In  some  positions,  water  springs  may  be  also  advantage- 
ously noticed,  to  facilitate  in  finding  the  exact  position  of 
emergence. 
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SECTION  III. 

AJ3SAYING  AND  DISCRIMINATION. 


CHAPTER    I. 


8Y8TBMATIC   PREPARATION   OF  THE   SAMPLE    TO  OBTAIN   AVERAQS 
EQUALITY   FOR   DISCRIMINATION   OR  ASSAY. 

To  take  a  sample  from  a  ledge  or  parcel  of  ore  that  shall 
feWy  represent  its  average,  and  prepare  it  so  that  the  lesser 
quantity  weighed  for  assaying  shall  be  sufficiently  homoge- 
iieous  for  a  correct  ratio  of  value,  is  really  the  most  impor- 
^t  part  of  mining,  and  should  be  conducted  with  vigilant 
care,  as  herein  lies  the  preliminary  test  for  the  succeeding 
profit  or  loss  by  mining  or  reduction. 

The  retmspection  of  the  resultant  losses  from  disregard  or 
ignorance  of  this  subject  is  monstrously  ruinous,  as  it  has 
injured  mining  so  much  that  many  years  must  elapse  before 
even  legitimate  properties  will  be  recognized  by  capitalists. 
Mills  and  smelting  works  should  be  used  for  realizing  profits 
from  established  riches,  and  not  as  enormously  expensive 
assaying  works,  on  doubtful,  unexamined  ledges. 

In  the  last  chapter  of  Section  I,  the  prospector  had  taken 
a  careful  average  from  his  ledge,  by  breaking  rock  from  a 
thousand  places  throughout  its  length  and  breadth,  which, 
after  it  had  been  broken  still  smaller,  to  the  size  of  peas,  was 
carefully  collected  and  thoroughly  mixed  together. 

We  will  now  receive  this  sample  from  him,  and  manipu- 
late for  an  example,  in  a  manner  that  has  not  been  described 
in  books,  nor  so  fully  practiced  by  assay crs;  but  which  you 
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will  find  better  adapted  for  obtaining  correct  results  than  an  j^ 
other  method. 


Cut  10. 


CbI  11. 


The  Cornish  systems  of  quartering  the  parcel  (Cut  10),  or 
cutting  a  gang^way  tbrougb  the  centre  (Cut  ll)^  although 
sufficiently  near  for  concentrated  base  minerals,  will  not 
approach  to  it  in  accuracy,  for  gold  and  silver.  The  chief 
causes  of  error  being  the  unequal  distribution  of  coarse  and 
fine,  or  light  and  heavy,  which  carry  a  more  or  less  difference 
of  quality,  by  taking  irregular  positions  from  the  centre  out- 
wards, or  from  the  top  to  the  bottom  of  the  pile,  and  by  lying 
nearer  the  perimeter  of  the  quarters^  or  falling  unequally  in 
the  gang-way,  it  gives  a  less  average  than  it  should  for  the 
miner,  because  the  least  friable  pieces,  being  consequently 
larger,  fall  to  the  bottom  of  the  cnt,  or  to  the  periphery  of  the 
pile,  and,  being  more  quiirtzose,  contain  less  mineral  than  the 
soft  and  more  friuhle  minerals;  it  is,  moreover,  less  simple 
than  the  halting  mode  (to  be  described),  doubles  the  length 
of  the  lines  of  error,  and  lacks  the  additional  guarantees  of 
the  repeated  mixings,  trailings,  and  dividings,  during  its  more 
systematic  reduction.  The  monopolizing  and  exacting  smelt- 
era  are  fully  aware  of  this,  hut  take  all  advantages  from  the 
unresisting  miners. 

If  you  wish  to  have  a  correct  average,  or  expect  the  certifi- 
cates from  the  different  as^ayera  to  agree,  this  must  be  per- 
formed faithfully  as  follows: 

Spread  this  partially  equalized  ore  over  a  clean  spot,  to  the  , 
shape  of  an  inverted  prospector's  pan,  draw  a  diameter  line- 
or,  still  better,  a  large  sheet  of  iron  or  piece  of  plank- 
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through  the  centre,  and   take  the  whole  of  the  ope-half, 
[*oarae  and  fiue,  therefrom,  which  remix  by  repeatedly  turn- 
ing it  over;  shape  and  divide  as  before,  until  the  sample  is 
'reduced  to  ten  pounds.     Pass  the  whole  of  this  ten  pounds 

Ion  to  a  clean  newsi>aperj  sheet  of  glazed  paper,  prospecting 
pan^  or  plate,  and  again  mix  as  intimately  as  possible,  by 
uUernately  coUeciing  it  several  times  to  the  centre,  and  redistrib- 
lUing  it  witji  the  finger,  by  trailing  a  watch-spring  path  from 
the  centre  outwards  (as  shown  by  Cut  12);  again  divide  this 


Cut  t9« 


Gmt  19. 


ten  pounds  by  laying  some  thin,  vertical  partition,  as  a  hand- 
saw's back,  or  a  table-knifc,  through  its  diameter  line  down 
to  the  very  bottom  of  the  sample  (as  Cut  18),  and  sweep, 
with  this  knife,  or  saw,  and  a  hare's  foot,  or  brush,  the  whole 
of  the  coarse  and  fine  of  the  nearer  half  away,  scrupulously 
clean. 

Pulverize  the  remaining  five  pounds  to  the  maximum  size 
of  rice,  without  siftutg,  and,  after  mixing,  dispersing,  and 
dividing,  thrice,  as  previously  described,  pulverize  and  sift 
the  remaining  ten  ounces  with  the  finest  gauze  sieve,  such  as 
tliat  supplied  with  the  assaying  nmehine,  carefully  noting  its 
upper  side  for  flattened  disks  of  the  metals  gold,  copper,  etc., 
which,  if  found,  must  be  weighed  to  ascertain  their  percent- 
ages to  the  whole  ten  ounces,  or  any  other  tot^il  quantity,  and 
added  to  that  resulting  from  the  one  ounce  or  other  weight 
taken  for  assay  from  what  did  pass  through  the  sieve. 

In  gold  and  copper  assays,  this  occurs  frequently,  and 
sometimes  in  silver;  but,  with  the  latter,  a  tough  metallifer- 
ous cliloride  often  flattens  into  treacherous  cakes,  which,  by 
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not  paseirig  tlirougli  the  sieve,  vitiatea  the  resaltant  assay 
from  6uch  an  ore,  unless  guarded  against,  and  also  Bepamtely 
valued;  which,  in  the  case  of  silver,  muBt  be  also  smelted 
and  refined.     Lastly,  invert  the  sieve  on  pile. 

If  no  metal  is  present,  or  extreme  accuraey  is  unnecessary, 
about  two  and  one-half  pounds  may  be  taken  from  many 
paits  of  the  large  heap,  instead  of  the  ten  pounds,  and  oth- 
erwise treated  a^  directed  nntil  it  is  reduced  to  its  similar 
ratio  of  two  and  one-half  ounces. 

This  k^t,  after  sifting  it  thruogh  the  fine  sieve,  must  be 
remixed,  distributed  and  halfed  as  before;  and,  if  the  ore  is 
infusible  or  refi-actory,  this  should  be  further  pulverized 
under  tlie  pestle,  by  rubbing,  to  an  impalpable  powder, 
when,  after  being  agaitx  mixed  as  before,  it  is  ready  for 
weighing  the  quantity  for  the  assay. 

This  mixing,  after  pulverization  or  sifting,  is  imperatively 
necessary,  as  the  pestle  as  well  as  the  sieve  passes  the  more 
friable  portions  fii^st,  thus  rendering  the  bottom  of  the  pile^ 
the  richer,  f 

Tapping  or  jostling,  w^hieh  causes  the  heavier  and  richer 
portions  to  settle  to  the  bottom,  should  also  be  carefully 
avoided  until  the  sample  is  weighed*  It  will  be  seen  that 
this  method  of  cutting  off  the  one-ludf  of  such  intimately  fl 
mixed  sample,  approaches  as  close  as  possible  to  mathemati- 
cal accuracy,  as  there  is  really  no  line  of  error,  as  the  abso- 
lute half  of  a  similar  pile  is  thus  retained.  ■ 

It  has  lieen  the  English  practice  to  ascertain  the  water* 
weight,  by  drying  a  w^eighed  portion  at  212*^,  and  taking  the 
assay  from  the  dried  sample,  or  allowing  for  it  by  adding  as 
much  as  will  equal  it  when  weighing  for  the  assay,  which,  ^ 
how^ever,  has  not  yet  been  done  in  this  country.  " 

Should  you  require  to  know  this,  dry  one  hundred  grains 
of  the  ore  in  a  plate,  saucer,  or  some  clean  vessel,  placed, 
as  a  lid,  over  r  (ea-kcUky  or  coffce-poi,  full  of  boiling  w^ater; 
and  ascert^iin  its  percentage  of  loss  on  re-weighiug  the  dried 
residue,  by  subtraction. 


MBTALLURGISTS'    CX/^iPANION.  128 


CHAPTER    II. 


dbscription  and  general  advantages  of  the  portable  "web 
pet"  assaying  machine. 

The  above  is  the  name  given  to  a  machine  that  has  been 
devised  for  the  benefit  of  the  mining  public  generally,  but 
which  is  more  especially  valuable  for  the  prospectors  of  this 
great  and  virgin  mining  country.  Beyond  the  regions  that 
have  been  and  are  now  being  explored,  primitive  mountains 
arise,  uplifting  their  declivities  of  secondary  strata,  looming 
in  the  distance  to  entice  forward  the  more  adventurous, 
where,  if  the  historical  analogy  of  the  mining  world  should 
be  their  guide,  many  interesting  and  legitimate  fields  remain 
nnexplored. 

It  has  been  correctly  observed  by  some  of  the  best  and 
most  practical  authors  on  mineralogy,  that  however  experi- 
enced a  miner  may  be  in  the  visual  discrimination  of  gold 
and  silver  ores,  he  is  often  deceived  in  his  judgment  of  the 
value  of  rock;  and  this  applies  to  ores  of  much  greater  value 
than  such  as  will  pay  for  mining  and  reduction,  as  the  mixed 
ores  of  volcanic  regions,  and  the  antimonial,  copper,  lead  and 
iron  ores,  where  the  precious  metals  are  completely  concealed. 
These  authors  also  commend  the  common  mouth  blow-pipe,  as 
an  inseparable  companion  of  those  requiring  greater  certainty 
in  raining  operations,  as  well  for  quantitative  as  for  qualitative 
assaying  of  most  minerals,  but  more  particularly  for  silver, 
which  it  performs  with  surprising  accuracy.  Its  powers  are 
truly  wonderful ;  but  proper  instruction,  great  practice,  and 
expensive  tools,  are  imperatively  necessary,  as  well  as  the 
peculiar  qualifications  for  handling,  manipulating,  smelting 
and  cupeling  an  assay  of  but  one  grain,  and  where  the  result- 
ing button  is  so  small  that  the  one-thousandth  of  a  grain 
would  be  but  $37.70,  and  the  one-ten- thousandth  $3.77  per 
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ton  of  :i,000  pounds.  I  know  of  no  other  eingle  chemical 
opemtion  that  requires  more  knowleJtjc,  practice,  care  and 
watchfulness,  to  obtain  exact  results.  These,  with  many 
other  difficulties  to  which  there  is  no  "rojal  road/'  and  the 
greater  need  for  preparing  a  correct  homogeneous  Rample,  to 
render  the  sample  of  one  grain  the  correct  representative 
quality  or  ratio  for  the  ton,  have  and  will  prevent  its  general 
application. 

The  crucible  and  scorifier  require  a  large  furnace  and 
muffle,  with  numerous  tools,  etc.  They  are  slower  in  action,  M 
and  consume  a  large  quantity  of  expensive  fuel,  which  must 
be  prepared,  or  carried  from  place  to  place,  as  required;  so  it 
18  fer  worse  than  the  former,  as  all  are  thus  prohibited  irom 
its  use. 

The  humid  or  chemical  methods  demand  many  costly  and 
fragile  tools,  with  dangerous  liquids,  an  especial  education, 
and  general  knowledge,  or  they  will  he  mere  useless  things. 

Thus,  the  explorers  have  been  roaming  ignorantly,  where 
knowledge  was  most  desirable,  and  the  legion  of  mining 
companies  have  forwarded  mills,  at  a  cost  of  from  $29,000  to 
$100,000,  to  assay  an  average  from  their  ledges,  to  prove 
most  disastrously  to  them  tliat  but  om  in  fitlty  are  valuable; 
and  millions  of  tons  have  been  reduced  that  would  not  pay, 
by  either  milling  or  smelting,  for  want  of  an  easy  means  to 
ascertain  its  value. 

In  view  of  the  immense  demands  of  this  country,  and 
knowing  the  insnfficient  methods  in  use  by  miners,  millers 
and  smelters,  ivhen  required  fi.r  prospeetinff,  as  well  as  the  first 
and  most  important  diificultiea  of  my  students  in  their 
manipulations  with  the  common  mouth  blow-pipe,  I  have 
contrived  this  machine  to  overcome  all  the  real  obstacles 
appertaining  thereto;  such  as  a  continuous  blast  preparing 
and  fluxing  the  assay,  shaping  its  holder  and  charcoal  sup- 
port, cupels,  etc.,  as  well  as  holding  and  varying  its  position 
during  the  smelting,  cupeling  and  retining  operations;  and 
ascertaining  by  tables,  which  lie  under  and  on  either  side  of 
the  balanced  button,  as  it  rests  on  the  beam,  the  value  in 
dollars  per  ton,  or  its  one-thousandth  fine,  for  silver  and  gold, 
and  percentage  in  base  metal  assays,  all  being  rcail  at  sight, 
without  calculation.     This  weighing  is  much  facilitated  by 
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ng  the  differences  of  large  weights,  instead  of  using 


the 


ordiQftry  minute  weights,  riders,  etc.,  of  a^^sayers  by  other 
methods.  In  addition  to  this,  I  have  two  diverging  metallic 
straightedges,  laid  on  a  bed,  80  thnt  the  one  end  may  repre- 
sent $160,  and  the  other  810;  the  intermediate  space  being 
graduated  from  810  to  $160,  and  wherever  the  button  jams^ 
its  value  is  recorded  on  the  scale.  There  is  also  a  hole  at  the 
end  of  this  plate,  of  such  size  that* a  $40  button  will  just 
drop  through^  when  the  explorer  may  proceed  in  his  quest- 
ings  for  other  ledges,  as  this  U  not  sufficiently  rich  to  pay  for 
mining  and  milling  of  silver  ores  in  the  interior. 

By  these  combinations,  the  apparatus  has  surpassed  my 
expectations,  as  to  the  quantity  of  ore  it  will  reduce.  I  have 
operated  successfully  on  twenty  grains,  although  it  is  arranged 
for  ten  grains  to  the  public;  and  I  claim  that  with  these 
arrangements  and  combination  of  automatic  movements  and 
calculator,  a  man  of  ordinary  skill  can  make  an  assay  with 
this  apparatus  anywhere,  even  on  the  ground,  sufficiently 
near  for  all  the  practical  working  purposes  of  those  to  whom 
I  have  dedicated  it,  and  in  less  time  and  at  one-tenth  of  the 
coat  of  any  other  method.  So  portable  is  the  apparatus,  that 
the  whole  machine,  with  fluxes,  tools  and  scales  (weighing 
leas  than  seven  pounds),  is  packed  tor  conveyance  witliin  a 
cube  of  iive  and  one-half  inches.  The  price  of  the  whole  is 
llflO,  accompanied  by  a  book  of  instructions  for  assaying 
gold,  silver,  copper,  and  lead.  Those  buying  a  machine  in 
the  City  of  San  Francisco,  having  the  further  advantage  of 
leoing  an  assay  made  with  it  by  its  inventor  and  patentee. 

The  machine  is  also  most  conveniently  titted  for  the  gen- 
eral purposes  of  the  laboratory,  as  shown  by  the  illustrations, 
as  roasting,  drying,  crucible  fusion,  and  ignition:  fusion  perse^ 
or  with  an  alkaline  carbonate,  on  charcoal;  of  ten  or  twenty 
grains:  for  testing  with  tubes,  flame,  flux  re-agente,  in  for- 
ceps, or  on  wire;  and  to  dry,  sublime,  evaporate,  boil,  distil, 
filter,  etc.,  etc. 

For  the  purpose  of  fusing  very  stubborn  metals  or  minerals, 
it  may  be  rendered  very  much  more  effective,  by  introducing 
a  separate  jet  of  oxygen,  hydrogen,  or  oxy-hydrogen  gases, 
formed  simultaneously,  and  ignited  by  the  ordinary  flames, 
at  the  moment  of  exhalation;  or  a  reservoir  of  alcohol  may 
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be  placed  bcyoud  the  assay,  which,  being  warnied  by  th© 
waste  heat  from  the  departing  flames,  would  force  its  jet  of 
alcoholic  vapor  through  a  similarly  placed  ceutral  nozzle^ 
and,  by  supply ing  this  auxiliary  combustible,  the  heat  would 
also  be  thus  iiitenditied. 

The  machine  has  been  lucidly  described  by  the  Daily  Alto, 
G/lifomia,  of  the  29th  October,  1869,  when  reviewing  the 
articles  on  exhibition  at  tlie  Mechanics'  Institute  Fair,  where 
the  apparatus  wan  awarded,  by  the  Exaoiiuiug  Committee  of 
Philosophical  lustrumeuts,  a  gold  medal,  accompanied  by  the 
following  encomium: 

'^ First  Peemium  Gold  Medal  to  J.  S.  Phillips,  for 
*  Portable  Assaying  Machine.' 

"Jbr  convmkiice  in  use  and  accuracy  in  performance^  we 
esteem  (Ms  lifile  inachine  as  of  the  greatest  utiiity  to  the  mining 
prospector,  and  well  calculated  io  jrlieve  oitr  minij^g  interests  of  the 
uncertainty  hUhcrio  aUendunj  their  development.'' 

The  Daily  AlU  California  says: 

**Tbis  is  Ati  AtitoiDiiUc  asstij-cr,  very  curious,  intricate  And  compact  in  con* 
slructloTij  placed  on  exhibitioa  bj  J.  S.  Phillips,  M>  E.,  whose  patent  bears  dale 
September  Uli,  1S69.  It  h  more  t-speciallj  ccmlrivtjd  for  the  uso  of  tbe  pros- 
pftttofj  by  superseding  tbe  educational  operations  witb  suitable  mecbanistna  ; 
th«  whole  work  of  assaying  is  so  much  simplified,  that  a  novice  in  the  art  can 
lenrij  to  make  his  own  aas^iya  after  some  three  honrg'  tuiUou.  It  is  extrcraeljr 
light  and  portable,  yet  strong  and  efficieol,  hein^  all  that  can  be  desired  for  the 
piactknl  purposei!^  of  tbo^e  to  whom  it  hivs  been  dedicated;  und^  as  sacb,  it  ii 
pre-eminently  adapted,  and  the  only  really  effective  tool  for  the  general  itin- 
erant purposes  of  the  mining  community.  The  ordinary  <  mouth  blow-pipe' 
is  iU  only  rival,  and  with  which  it  wiay  be  favorably  compared.  That,  baving 
but  one  exposed  tlanie,  operates  but  on  one  grain,  ThiS|  baviog  several  coa- 
ctnt rating  flames^  and  being  supported  by  and  covered  witb  charcoal,  and 
further  aided  by  nineteen  pateiitcd  claimsi  treats  from  ten  to  twenty  grains. 
That,  but  one  man  in  the  milliou  chu  use  for  assay.  Thigs,  the  million  can  learn 
to  use  in  a  few  hours.  That,  must  have  many  tools,  a  very  delicate,  expensive 
and  cumbrous  hulauce,  that,  turning  with  tbe  ten-thousandths  of  a  grain 
($3.77  per  ton),  requires  eonsld^rabk  practice,  care,  nicety  and  calcQlation  for 
even  thU  margin  of  value,  as  well  as  a  table  and  close  room  for  its  use.  This, 
contaLus  the  complete  apparatus,  with  all  necessary  tools,  re-agents  and  flaxes  in 
a  cube  of  five  inches  for  the  prospector,  or  five  and  a  half  inches  for  the  miller, 
weighing  from  six  to  seven  and  a  half  pounds.  Tbe  refined  bottoa  from  the 
assay  is  merely  bahmced  on  a  grooved  lever,  and  its  value  in  dollars  per  ton, 
and  ihousandtlis  fine  for  gold  and  silver,  and  percentage  of  base  metals,  read 
at  sight  underneath  or  opposite  to  where  it  lies.  Small  globules  are  also  meas- 
ured between  two  metallic  diverging  straight  edges,  resting  on  a  bed  plate,  and 
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their  valae  in  dollars  per  ton  read  on  either  side  for  gold  and  siWer.  A  small 
fonnel-mouthed  hole  is  also  drilled  in  one  end  of  this  plate,  so  gauged  that 
battons  of  insufficient  quantity  for  mining  and  milling  shall  pass  through,  thus 
promptly  indicating  their  worthlessness,  and  saving  the  time  required  for  bal- 
Mciog.  A  good  weighing  and  calculating  balance  is  supplied  to  those  who 
prefer  it  at  $20  extra,  for  commercial  purposes,  to  be  used  within  the  same 
space  of  this  machine.  In  that  (and  all  other  methods),  the  assay  is  made  with 
difficulty  on  the  mountain  or  open  ground,  and  the  mouth,  eyes  and  hands  are 
entirely  engaged  for  some  twenty-6ye  minutes  during  the  smelting  and  cupella- 
tion.  In  this,  the  assay  may  be  made  during  conrersation,  the  hands  being  at 
liberty  for  occasional  purposes,  and  the  slag  may  be  stirred  with  an  iron  wire, 
to  ensure  faithful  performance.  The  cost  of  making  an  assay  is  about  five 
cents.'* 

The  Golden  Era  describes  it  as  follows: 

*'^  The  most  important  and  advantageous  novelties  of  this  machine,  nineteen 
of  'Which  have  been  secured  by  patent  right,  are  the  following :  It  is  extremely 
Vigbt  and  portable,  yet  strong  and  efficient  Its  automatic  facilities  for  pre- 
paring, weighing  and  fluxing  the  sample,  as  well  as  for  blowing,  supporting, 
smelting,  cupelling,  and  reading  its  value  in  dollars  per  ton,  etc.,  etc.,  under 
^e  balanced  refined  button,  are  so  well  contrived  that  a  man  may  really  become 
*&  assayer,  for  practical  purposes,  in  a  few  hours.  The  pulverized  sample, 
being  well  mixed,  is  ground  in  the  mortar  to  an  impalpable  powder,  and  ten 
gnins  are  weighed  in  the  scoop  at  the  back  of  machine,  and,  after  being  fluxed, 
^^  is  transferred  to  a  previously  fluxed  and  pasted  paper  cartridge,  which  is 
^«Q  between  the  thumb  and  finger,  shaken  to  mix,  folded  down,  and  placed  in 
*  initably  shaped  charcoal  or  moulded  composition  support,  into  the  stemmed 
cup  as  seen  in  front ;  next,  either  one  piece  of  charcoal,  or  a  small  furnace 
^tttaining  several,  is  suspended  by  the  four  elastic  fingers  over  the  assay,  and- 
^6  flames  are  blown  from  four  olive  oil  lamps  to  concentrate  their  individu- 
^7  intense  heat  into  this  close  furnace,  by  an  occasional  full  breath  from  the 
uneducated  lungs ;  thus  operating  promptly  and  successfully  on  ten  times  as 
onch  as  the  ordinary  blow-pipe  can  treat  when  conducted  by  a  long  practiced 
*^rt.  This  smelting  operation  lasts  from  ten  to  fifteen  minutes,  during  which 
^  the  operator  can  converse,  and  is  otherwise  perfectly  at  liberty  for  occa- 
**oaal  purposes,  as  turning,  inclining  or  shifting  the  position  of  the  assay;  by 
"*ndling  the  non-conducting  cork  on  the  cup-stem,  it  can  be  elevated  or 
^^resied  by  the  screw,  or  transferred  to  all  other  self-sustaining  positions  by 
««  very  appropriate  motions  of  spring  levers.  The  rich  lead  button  thus  pro- 
^nced  is  cleaned  and  cupelled  in  a  similar  manner  on  bone  ash  supports  (pre- 
P*'^  in  two  ways  by  suitable  tools  :  the  one  naked,  and  the  other  encased  in 
°^^1);  and  this  refined  button  is  merely  moved  to  balance  on  the  longer  end 
of  the  calculating  lever,  when  one  of  ten  numbered  weights  is  placed  in  the 
^  that  is  suspended  at  the  other  end ;  when  thus  balanced,  the  value  is  read 
°^^th,  either  in  dollars  per  ton  or  thousandths  fine  of  gold  and  silver,  and  the 
P^'^ntage  of  base  metal  assays  in  the  column  having  the  number  of  the  weight 
*t  its  head.  This  is  quite  an  institution  in  itself,  in  connection  with  which, 
■however,  there  is  one  peculiarity,  which,  as  an  experienced  assayer  observed, 
'^P'oipectorB  will  never  fully  value";  that  is,  the  ten  grains  weight,  or  the 
veight  of  the  assay,  is  used  to  balance  the  main  lever  only,  so  that,  by  substi- 
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tatin^  ore,  tht^  sample  is  weighed  without  any  weight;  and  again^  after 
balaocing  whb  IhiSf  and  sybatitutiQg  a  numbered  weight,  the  difference  will,  bj 
being  made  equal  to  a  real  minute  weighty  answer  instead ,  and  therefore  oo 
weight  ia  recj aired  that  is  smaller  than  this  baEaoce  of  ten  grains." 

From  the  Scimttjic  Press: 

**  Am  aisajfing  apparatuij  which  could  be  carried  about  eaaily  and  be  of  prae- 
tical  nse  in  the  field,  baa  long  been  a  desideratum.  The  blow-pipe,  wilb  its 
delicate  tools,  is  suitable  merely  for  the  laboratory,  and  the  common  assaying 
fVirnace  ie  too  cumbrous  to  be  of  any  general  application.  We  know  of  no 
device,  hitherto^  which  has  eombmed  the  necessary  qualities  of  compacineas, 
durability,  and  requisite  accuracy.  Last  September,  however,  Mr.  J.  S.  Pht11tpi| 
A  miniQg  engineer  of  Sau  Francisco,  wbo  has  bad  long  experience  in  assaymg, 
both  in  the  laboratory  and  in  (be  field,  patented  an  apparatus  which,  be  ctaimB, 
satisfies  all  these  demands,  and  can  be  readily  used  by  the  prospector,  who 
needs  hut  a  few  hours'  instruction  to  be  able  to  assay  his  rock,  wherever  he 
may  Bud  it^  at  a  cost  of  but  a  few  ceots,  ♦  ♦  ♦  One  great  object  of  Ibis 
invention  was  to  put  into  the  hands  of  the  uneducated  prospector  a  device 
which  would  be  automatically  so  complete  that  the  operator  could  obtain  proper 
results  with  Ibe  need  only  of  a  few  bours'  instruction,  and  the  application  of  a 
little  cnre.  Hence,  it  is  made  as  simple  as  possible  ;  the  weights  and  similar 
articles  are  of  a  size  to  be  readily  handled  by  fingers  used  to  the  pick,  and  are 
marked  so  as  to  prevent  the  possibility  of  mistake  ;  and  the  results  of  the  assay 
are  marked  down  before  the  eye^  requiring  only  the  ability  to  read  on  the  part 
of  the  assaycr,  *  ♦  ♦  With  great  ingenuity,  all  is  mad©  to  go  into  a  vtrf 
small  space,  Including  the  necessary  blow-pipe  fluxes  and  re-agents«  ♦  ♦  ♦ 
Ureal  ingenuity  is  displayed  by  Mr.  Phillips  in  many  ways  :  for  the  purpose  of 
boldiog  the  assay  automatically,  to  adapt  it  to  the  use  of  uuskiUed  persons,  to 
weigh  and  obtaio  the  results  at  sight,  to  secure  portability,  etc.  *  *  ♦  We 
have  seen  assays  made  by  Mr,  Phillips  with  his  machine,  in  ft  rery  expeditioni 
and  satisfactory  mauoer.'' 

The  apparatus  has  been  but  partially  detailed  here,  as  it 
will  be  more  minutely  described  in  the  instroctions  contained 
in  the  chapters  for  diaeriminating  and  assaying  the  various 
minerals. 
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CHAPTER    III. 


2JBW  METHODS  FOR  THK  EXAMINATION  AND  ASSAY  OP  ORES  BY 
WATER-WASHED  CONCENTRATIONS;  SOMETIMES  PERFECTED  BY 
ACID  SOLUTIONS  OR  MERCURY,  AND  COMPLETED  WHEN  NECES- 
SARY BY  CRUCIBLE,  SCORIFIER,  OR  MACHINE;  AFTER  ROAST- 
ING,   BY    FLUXED    FUSION    OF   THK    HEAVY    RESIDUE. 

The  application  of  water  for  the  discrimination  and  assay 
of  minerals  and  metals,  is  far  more  appropriate  for  the  daily 
requirements  of  the  miner,  analyst  and  assayer,  than  is  gen- 
erally believed;  and,  when  systematized,  it  may  be  made  a 
wonderful  auxiliary  in  many  ways;  it  possesses  the  still 
greater  advantages  of  being  w^itliin  the  reach  of  all,  requiring 
no  other  tools  than  are  found  in  mining  camps,  and  but  little 
instraction;  performing,  as  it  does,  at  a  trifling  cost,  more 
wtoal  work  in  less  time  than  any  other  method,  excepting 
only  the  chemical  analysis,  that  must  be  executed  in  the 
laboratory  by  the  educated  expert,  at  considerable  expense 
of  money  and  time. 

To  the  blow-pi pist  and  chemist  it  renders  an  invaluably 
prompt  anterior  aiul  posterior  means  for  qualitative-quanti- 
^ive  approximation,  selection,  separation,  or  concentration; 
specially  for  preliminary  examination  previous  to  more  elab- 
orate treatment. 

In  experienced  hatids,  many  samples  that  the  miner  has  to 
benefieiate  can  be  actuallv  assaved  more  correctiv  by  water 
than  by  fire;  and  ordinary  amateurs  may  realize  its  full 
value  for  many  practical  purposes:  as  free  gold,  r>xide  of  tin, 
the  sulphurets  of  copper  and  learl,  etc.,  et<".,  when  they  are 
not  associated  with  other  minerals,  or  very  heavy  gangues; 
others  can  be  assayed  by  water,  that  cannot  be  easily  assay(fd 
by  fire,  as  sulphuret  of  zinc,  sulphuret  of  antimony,  oxide  of 
Dianganese,  iron,  etc.,  etc. 
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It  lui8,  however,  tljrec  disaih'antuges,  which  to  some  €XtoS 
qualifies  its  quantitative  iisefuluess:  it  eaiiiiot  be  ut*cd  fol 
silver,  and  for  the  other  ores  it  tleniands  that  the  opera toi 
shall  be  fully  aequainted  with  vinual  diseriniination  of  sucli 
when  in  a  iiowtlered  ^tnte;  and  that  the  sample  must  be  frei 
from  that  eonfusiori  bo  frequent  in  voleanie  regioDs.  Whei 
the  heavy  residue  is  treated  by  tliixed  fusion  with  the  cruci- 
ble or  machine,  these  latter  more  refractory  ores  will  he  fullj 
subdued  fur  practical  purposes,  into  the  necessary  condition. 

For  8uch  men  it  will  be,  therefore,  mo«t  advantageous,  m 
will  appear  hereafter,  for  examination  and  aBsaying. 

For  example:  Take  a  huntlred  grains,  or  parts,  from 
complicated  pulverised  sample,  prepared  and  dried  at  212°, 
as  directLMl  in  Chapter  I,  Section  III,  that  contains  one  m 
more  of  the  following  stubtitances:  as  free  gold,  metallic  cop 
per,  metallic  iron  (from  tlie  mortar),  oxide  of  tin,  sulidiurei 
of  iron,  red  oxide  of  copper,  sulphuret  of  lead,  gray  Rulpburcl 
of  copper,  yellow  sulphurct  of  copjicr,  Huliihuret  of  zinc,  an 
oxide  of  iron,  a:-!*(»ciated  with  their  matrices  of  tpiartx,  elaysj 
feldspars^  carbonates  of  lime  or  magnesia,  etc.,  or  others 
similar  specific  gravities  and  friability.  Take  three  porce^ 
lain  dishes,  as  used  by  the  chemiiiL  or  three  ordinary  enam^ 
el  led  soup- basins,  plates,  tea-sauc<*rs,  or  cups,  as  tbiind  in  th 
mines,  or  a  good  vanning  ^'ihovel,  prospecting  pan,  horn,  a\ 
horn  spoon,  as  used  in  the  mills  and  mines,  wdth  two  of  eithel 
of  the  others,  or  any  suitable  and  clean  vessels  that  you  ca; 
obtain  or  may  prefer:  into  the  lirst  place  the  one  hnndrei 
grains  or  parts  ironi  tlie  dried  sample,  which  <*over  witi 
about  icti  times  its  volume  of  w^ater,  and  stir  the  whole  foi 
five  minutes;  then,  after  allowing  it  to  remain  sutfieientlj 
long  for  t!ie  water  to  thurougldy  permeate  and  dissolve  tb^ 
soluble  portions  from  the  mass,  which  may  be  facilitated  h 
w^armth,  carefully  pour  or  filter  this  liquid  into  one  of  tb 
other  vessels  for  separate  examination  by  re-agents,  etc.,  thu 
easily  separating  these  that  are  soluble  from  those  tha 
remain  iiisohible  in  water. 

It  may  be  sometimes  necessary,  for  your  purposes,  to  aaeei 
tain  this  percentage,  by  trans^ferring  it  with  a  eamebhaii 
bnisli,  after  it  has  been  drietl  at  212*^',  to  the  scale  pan,  anc 
deducting  this  from  the  original  one  hundred  gmins.     Replace 
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tine  sample  in  the  concentrator,  and,  after  covering  it  with 

tlnrice  ita  vohime  of  clean  water,  strongly  agitate  the  vessel 

by  a  properly  varied  circular  and  reciprocating  motion,  and 

pour  off  the  water  somewhjit  speedily,  but  very  carefully, 

during  a  slower  transverse  oscillation  of  the  water,  into  the 

tViird  vessel,  re-pulverize  with  the  pestle,  by  rubbing,  the 

remaining  sample  in  the  water;  shake,  and  pour  as  before,  and 

repeat  this  four-fold  process  until  the  lighter  and  more  friable 

debris  has  departed,  and  the  quai-tz  approaches  the  margin. 

This  third  receptacle  will  coutain  most  of  the  feldspars, 
clays,  lime,  and  magnesia,  which  will  soon  settle  to  the  bot- 
tom, and,  after  the  water  has  l)ccn  poured  oft*  can  b?  exam- 
ined by  mean^  that  will  be  described  in  a  future  chapter:  the 
oxide  of  iron  will  also  pass  over  in  tliis  stnge,  which  will  be 
indicated  by  the  redness  of  the  water,  and  can  be  chemically 
tested;  the  other  constitutional  forms  of  iron  can  be  now 
seen  in  the  residue.  The  remaining  quartz  and  minerals  can 
be  dried  at  212°,  and  weighed  for  percentage. 

For  the  further  treatment  of  the  he-ivy  residuum,  unless  the 
operator  is  already  skilled  in  the  use  of  the  vanning  shovel, 
horn,  or  horn  spoon,  he  had  better  rely  on  the  slow  oscillation 
of  the  water,  transversely  to  the  escai>ement  margin,  and 
^ake  more  time  for  ridding  the  minerals  from  the  heavy 
gangue,  whilst  adopting  the  following  precautions:  Sup- 
posing the  instrument  is  a  porcelain  dish,  tea-cup,  saucer,  or 
soup-bowl;  it  will  be  better  to  have  sufticient  water  in  the 
^he  third  dish,  that  contains  the  earths  (which  should  be 
removed,  if  you  would  test  them  separately),  so  as  to  enable 
fte  operator  to  alternately  keej)  the  side  of  the  concentrator 
slightly  in  or  out  of  the  water,  during  the  slow  sideling  sway 
of  the  water  over  the  minerals  and  escajiing  quartz  ;  at  this 
stage,  great  care  must  be  also  taken  in  giving  the  {)roper 
angle,  so  that  nothing  but  gangue  shall  escape;  and,  towards 
the  finish,  a  little  direct  mechanical  means  may  assist  these 
particles  over,  or  arrest  the  more  forward  minerals,  that 
niight  otherwise  pass  away. 

This  being  completed,  re-concentrate  this  third  dish  in  a 
similar  manner,  to  obtain  any  mineral  that  might  have  passed 
over  in  the  first  washing,  so  that  it  may  be  added  to  the  first 
oOQcentratioD,  which  must  be  dried  and  weighed.     Now,  as 
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the  first  dried  san.ple  of  one  Imndred  grains  contaiued  no 
water-weight,  the  second  t*iniilarly  dried  ^jimjde,  if  weighed, 
will  tthow  the  percentage  of  tlie  remaining  in.suliil>le  portion, 
and,  when  taken  fnmi  tlie  original  weight,  will  leave  the  per- 
centage of  what  was  sululile  in  water. 

The  third  dried  weighing  will  give  the  percentage  of 
qnartx,  compact  feldispar^,  and  minerals;  which,  being 
deducted  from  the  fc<econd,  will  represent  the  lighter  and 
raore  friahle  oxide  of  iroti,  clayn,  and  cavhonfites  of  lime  and 
magnesia.  Tlie  foiirtli  and  la?^t,  taken  from  the  third,  equals 
the  quartz,  etc*,  an<l  is  the  weight  and  percentage  of  the 
metaU  and  ores,  which  may  he  ^till  further  i?cparated  by 
magnet  and  forceps,  assisted  by  a  lens,  into  diiferent  lot^  of 
metals  and  metallic  minerals;  after  being  weighed,  the  min- 
erals may  he  also  calculated  foi-  their  metallic  contents. 

If  more  than  one  of  the  metals  or  metallic  minerals  are 
present,  an  experienced  hand,  with  great  care,  assisted  by  the 
magnet  or  magnetized  knife-blade,  and  an  occasional  timch, 
with  a  few  repetitions,  if  necessary,  fi'om  vessel  to  vesseU  can 
often  scpamte  each,  by  causing  them  to  sncces.sively  follow 
as  they  are  named  in  the  example;  and  the  amateur,  by  dry- 
ing and  spreading  the  heavy  and  closely  concentrated  rcs^idue 
over  a  clean  plate,  can  examine  with  a  nnigni lying  glass,  and, 
if  necessary,  place  them  with  a  forceps  into  as  many  different 
heaps  for  quantitative  as  well  as  cpnilitative  assa}';  by  weigh- 
ing and  calculating  their  perceutnges  from  tlieir  equivalent 
projiortions  by  multiplying  each  individual  weight  by  the 
following  numbers,  and  dividing  by  100;  or,  better  still,  by 
moving  the  multiplier's  decimal  point  two  figures  to  the  left 
hand: 

The  oxide  of  tin  contains  78.38  per  cent.  tA'  metah 
The  bi-sulphuret  of  iron  contains  40J  per  cent,  of  metah 
The  red  oxide  of  copper  contains  88.8  per  cent,  of  metal. 
The  snlphuret  of  lead  contains  86.55  per  cent,  of  metal, 
Tlie  gray  sulphuret  of  coj^iicr  contains  38.42  per  cent,  of 
nietaL 

The  yellow  sulphuret  of  copper  contains  34, G  per  cent,  of 
metal. 

The  hrown  sulphuret  of  zinc  contains  GG.7  per  cent,  of 
metal. 
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Thus,  weighing  many  of  Nature's  insoluble  precipitiitions 
as  they  are  found,  instead  of  decomposing  them  in  the  labo- 
ratory of  the  chemist,  by  difficult,  far-fetched  and  expensive 
means,  but  for  re  discrimination,  separation,  and  precipita- 
tion to  frequently  similar  compositions. 

This  is,  however,  a  complicated  case  by  any  method,  either 
for  analysis  or  assay,  and  it  sehlom  happens  that  the  sample 
contains  so  many  kinds;  the  object  of  such  an  example  is 
to  expose  the  general  principles  of  this  ready  means  that 
the  chemically  uneducated  prospector  and  miner  has  uncon- 
sciously at  his  fingers'  ends,  in  this  exacting  practical  test; 
that  at  least  affords  a  parallel  for  the  general  waste  of  the 
large  scale,  by  water-washing  and  milling  treatments. 

It  also  illustrates  tlie  general  constitution,  comparative 
qualities  and  quantities  of  the  sample,  wliich  the  most  expe- 
rienced analyst  and  assayer  would  least  despise,  as  it  opens  a 
volume  of  useful  hints,  that  enables  him  to  treat  it  precisely 
as  it  should  be  treated;  for,  discarding  nine-tenths  of  the 
time  occupied  in  this  case,  by  liastening  through  the  inter- 
niediate  stages,  he  arrives  at  the  end  in  ten  minutes,  and  is 
ttius  informed  that,  for  the  assay  of  gold,  it  is  not  all  free, 
but,  being  partly  imprisoned  in  suljjhurets  of  iron,  it  demands 
^  preliminary  roasting,  so  that  the  whole  of  the  gold  may  be 
"^alized.  For  copper,  he  sees  that  metallic  nuggets  will 
cause  a  treacherous,  varying  result,  unless  the  upper  side  of 
the  sieve  has  been  well  attended  to  during  the  sifting  of  a 
large  quantity',  and  separately  calculated  for,  after  addition  to 
Ae  result  from  mineral  assay:  ho  sees,  also,  that  the  yellow 
and  gray  sulphurets  must  be  roasted,  and  the  fii'st  metallic 
button  from  such  an  one  must  have  an  additional  refining,  or 
^^  excess  of  copper  will  be  recorded.  It  informs  him  that 
toe  fire  assay  for  tin  would  produce  but  an  unfinished,  refrac- 
tory alloy;  and,  consequently,  the  assay  must  be  accom- 
plished by  some  other  method,  or  as  follows: 

First,  complete  the  assay  of  this  staniferous  button,  as  just 
obtained,  by  clicrnical  analysis. 

Secondly,  dissolve  the  one  part,  of  one  hundred  grains,  in 
throe  parts  of  hydro-chloric^  acid,  one  part  of  nitric  acid,  and 
one  part  of  water,  gently  boiled  for  about  one  hour,  in  some 
position  where  the  fumes  may  pass  awayj  pour  off  this  solu- 
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tioiij  wluch  carries  the  gold,  copper,  leuil,  and  iron,  and  aft^ 
wasliiug  the  oxide  of  tin  (vvliich  still  remains  unaffected)  with 
water,  assay  it  by  erueiljle  or  nuichine,  as  will  be  describee 
in  its  proper  ]ilui'o,  ut  Chai»ter  XI^  Section  UL 

It  ih  a  somewhat  lingular  and  nvost  advantageous  fact  thi^ 
the  Hulphnrets  of  lead  and  antimony  do  not  associate  witll 
tin,  which  slaves  nnn^h  annoyance;  for,  being  of  similar  spe- 
citic  gravity,  and  very  fusible,  they  wouhJ  Vie  so  obstinately 
associated^  that  niJt  only  water  would  fail  to  separate  them, 
but  roasihifi  con  hi  not  l)e  more  advantageously  resorted  to, 
for  afkr  separation  by  w^ater,  a.s  is  the  case  witli  the  sulpbu* 
rets  and  ar^eniurets  of  iron. 

Thirdly,  re-pulverize,  and  further  concentrate,  until  nothing 
but  the  ujetallic  copper,  sulphuret  of  iron  and  oxide  of  tiii 
remain;  pick  out  the  gold  and  cojiper,  witli  the  forceps; 
roast  the  remainder  at  a  red  lieat,  pulverize,  and  w^ash  until 
the  water  ceases  to  be  colored  led,  and,  the  oxide  of  tin 
appearing  clean,  can  he  also  reduce*!  by  either  of  tlie  iir€| 
methods. 

Fouribly,  dry  tliis  ctMicentrated  oxide  at  212*^,  weigh,  anc 
calculate  its  percentage,  by  nriiltiplying  it  by  78.38,  aiK 
dividing  by  100. 

Thus,  if  the  weight  of  oxide  obtained  amonnted  to  teil 
grains,  the  formula  and  result  will  stand  thus:  J252^:=7.g; 
per  cent.  metLdlic  tin;  or,  lOx  *7838  =  7.83. 

These,  second  third  and  Iburth.  when  accurately  eouductedj 
are  perfectly  reliable,  and  niil lions  of  p* Kinds  sterling  hav€ 
been  |iaid  for  ores  that  have  been  assayed  less  corrcctiy. 

This  tin  oxide  is  unaffected  by  the  pestle,  water,  acids,  oi 
unfluxed  red-hot  roasting;  and,  conset|uently,  the  roasting, 
pulverizations,  and  w^ashings,  greatly  tacilitate  to  entirely  ri<; 
it  from  all  the  other  miJierals  with  which  it  is  associatedj 
excepting  only  the  rare  tungstate  of  iron  (wolfram) ;  the  inja* 
rious  effects  of  which,  however,  has  been  controlled  in  t\\i 
second  and  third  by  acids  and  tire,  as  the  last  can  be  by  the 
addition  of  a  few  drops  of  hydro-ehlorie  (muriatic)  acidj 
towards  the  latter  end  of  the  last  wasliing,  before  it  is  driei 
for  weighing. 

For  lead,  in  this  sample,  he  finds  no  correct  fiiH>  method  toi 
its  assay,  etc.,  etc.,  and  therefore  chemical  means  must  bi 
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resorted  to;  or  the  lead  must  be  extracted  therefrom  with 
the  forceps,  and  calculated  from  its  percentage  of  metal,  or 
passed  into  a  fluxed  fusion  to  the  metallic  state.  In  short, 
the  whole  components  of  the  sample  are  so  laid  bare  for  such 
purposes,  that,  with  a  good  lens,  he  can  see  the  variously 
formed  and  colored  metals  and  minerals,  with  their  relative 
proportions  and  constitutional  natures,  as  distinctly  as  he 
would  as  many  flowers  in  a  garden ;  which  can  be  separately 
examined  by  the  blow-pipe,  or  wet  re-agents,  for  further  col- 
lateral satisfaction,  when  deemed  necessary. 

Gold  may  also  be  not  only  tested,  but  actually  assayed 
most  promptly,  by  this  mode,  either  in  free  condition,  or 
parted  from  its  heavy  residue  by  acid,  dried,  and  weighed; 
or  amalgamated  with  mercury,  and  smelted  by  crucible,  sco- 
rifier,  or  machine,  into  button ;  as  fully  described  in  Chapter 
VU,  Section  HI. 

The  blow-pipe,  wonderfully  prompt  and  eftective  as  it 
undoubtedly  is,  in  the  hands  of  the  expert  practical,  for  dis- 
crimination, often  stops  far  short  in  the  qualitative-quantita- 
tive examination  of  the  more  useful  metallic  minerals  worked 
^J  the  miner,  thus  so  readily  aftbrdcd  by  this  less  studied 
and  preeminently  practical  means ;  to  which  the  best  blow- 
pipist  may  ofttimes  resort  for  valuable  assistance,  both  before 
and  after  his  fire  testings. 
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CHAPTER    IV. 


IB    MODKS    FOR    DISCRIMINATION    liY    ORDINARY    RLOW-PIPE,    OK^ 
ASSAYING     MACHINE,    ASSISTED   AT    TIME8    RY    DRY    AND    WET 


TESTS,  OF    SUCH    OK    TJiE    METALS 
EARTHS,     WITH     TilEIll     COMEINATION.S, 
KNOWN      BY      THE     EXPLORER,      MINER, 
ASSAYER,    AKh    METALLURGIST. 


METALLIC  MINERALS,  ASB 
THAT  SHOULD  BE 
MILLER,      SMELTER, 


The  following  methods  for  ascertainiHg  the  presence  of  thai 
useful  minerals  were  written  to  assist  the  practical  man,  by 
comparatively  simple  means,  in  rei'Dgiiizing  the  kinds,  and  ■ 
comparative  quantities,  when  suflicieot  is  contained  in  an  ore  ™ 
for  pi^otitahlc  purposes,  rather  than  for  the  more  accurate 
analysis;  and  I  have  therefore  deviated,  in  many  ways,  from 
the  stereotyped  records  of  books  for  sneh  men's  *' living 
present,"  daily  rcquireuients,  in  a  business  for  which  their 
education  had  not  been  intentionally  adapted. 

If  tbey  have  desire,  time,  opportunity,  eneriry,  and  perse- 
verance, before  breast,  these  rudimentary  examples  will  not 
deter,  but  encourage  them  to  prosecute  the  studies  of  the 
more  general  features,  in  the  many  elaborately  systematic 
works  on  this  particularly  interesting  subject,  that  have  been 
published  in  the  leading  languages,  since  the  days  of  the 
immortalized  Berzerme,  and  the  other  enlightened  practicals 
of  Sweden,  to  whom  the  \vorld  has  been  principally  indebted, 
for  the  wonderfully  prompt  and  numerous  reactions  obtained 
from  the  useful  blow-pipe. 

Favoring  this  system,  the  assaying  machine  was  contrived 
for  enabling  the  unpractieed  amateur,  l>y  auxiliary  mechan- 
isms, and  general  simplifications,  to  make  actual  assays  of 
gold,  silver,  coitper,  tin,  and  lead,  after  a  few  lionrs  of  per- 
sonal instruction,  or  by  the  instructions  eontuined  in  this 
book;  the  machine  treating  ten  times  as  much  as  the  com* 
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mom      Mow-pipe  has  ever  reduceJ  before;  the  tools  are  also 
presont  for  all  kinds  of  discriniinatioti  and  analysis:  m  fuaion 
t>f  t.on  or  twenty  grains  on  uiittaxcd  charcoal,  or  with  an 
[nlki\Hue  carbonate^  etc.;  roasting  sublimation,  test  tubing, 
land   ignition;  drying,  evaporating,  boiling,  diatitling,  filter- 
ing, etc.;  so  that  such  extended  studies  are  hereby  encour- 
aged to  a  remarkable  degi^ee. 

Naming  one  or  two  of  such  works  may  be  an  injustice 
to  others;  but  the  publications  of  Harkorl  mid  MaspratCs 
Planner's  Qualitalm  and  QuanUMtve^  Berzelkin  Blow -pipe 
Analpis^  have  legitimate  claims  for  originality  and  complete- 
uejis;  whilst  the  valuable  eclectic  text-books  of  Mderhorsfs 
BloW'plpe  Amtlt/sis  for  tJte  Bccords  of  3Iineral  lieaciions^  and 
Ikna*s  Manual  of  Mineralogy ^  for  the  Physical  Properties^  Com- 
posUion^  ek\^  of  3Iiner(ds^  are  well  adapted  for  the  general 
reference  of  the  explorer,  miner,  miller,  and  metallurgist. 

All  of  the  necessary  tools  and  fluxes,  excepting  such  as  are 
U«ed  in  mining  camps,  and  the  acids  and  other  li(|uids  (which 
should  be  carried  in  a  separate  case),  for  the  following  tests 
^d  assays,  will  be  supplied  with  the  machine;  and  the  few 
otherg  that  are  required  by  the«e  authors  are  described  in 
*lieir  workB. 


^mpanying  iUustration  shows  the  Portable  Pros- 
pector's Assaying  Miichinc,  when  packed  for  traveling,  in  a 
five-inch  or  six-inch  box. 

In  the  following  diseriminations,  a  few  exiuople.s  will  be 
"fleeted  to  illustrate  t!ie  necessary  operations  for  exposing 
•ome  of  the  peculiar  reactions  of  the  minerals,  so  as  to  pro- 
core  sufficient  manipulative  skill  for  the  application  of  the 
various  tests  recorded  in  the  alphabetical  list  of  mineral 
reactions  contained  in  Chapter  VI,  Section  III. 
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To  erect  for  work,  first  unserew  the  cap  or  mortar  from  tlie 
top  of  the  machine;  remove  tlie  flux  box  atjd  (tolnmii  that 
are  eoen  ou  either  wide  ;  open  the  tool-boxe^  around  tlie  bed-  ^y 
plate;  unela«p  tlie  Bpriiig-tingers;  take  oiF  the  sieve  from^| 
this  colunm,  and  spread  all  tlie  appendages  and  tools  around 
the  api>aratus.     You  will  next  see,  bv  taking  out  tlie  bell- 
cup,  that  tlie  interiial  anti-return  vulve  and  its  joint  are  air-  ^ 
tight.     If  these  are  not  in  good  condition,  take  out  this  valve-M 
box  by  simply  drawing  and  shaking  it  from  within,  and^n 
gently  forcing  the  rubber  tube  in  from  without,  sufficiently 
far  that  you  can  have  the  valve-boxj  and  that  part  of  the  tube 
without  the  body  of  the  machine,  for  rectification;  replace  it 
in  a  similar  mannerj  by  drawing  the  rubber  tube  outwardly, , 


(Arranged  f«r  the  genen]  purpoiei  of  ibe  An&!jrit  auA  Attftjrer.) 

and  jostling,  when  the  both  joints  will  be  simultaueonslj 
tightened.     Next,  place  a   rubber  ring  under,  and  another" 
over,  the  flange  of  the  inverted  belhcuji,  and  replace  it  into^ 
the  stuffing-box,  with  its  long  tube  down  in  the  oppositefl 
corner  to  the  valve-box;  pour  water  down  this  tube,  into  the^ 
square  chamber  of  the  machine,  until  it  rises  just  to  the  bot- 
tom of  the  bell-cup;  8cre%v  the  cylindrical  column  down  on 
the  rubber  rings,  moderately  tight,  and  stop  tlie  blast-pipes 
quite  tight,  by  placing  the  two  conical  handles  of  the  niizxles 
into  them;  gently  blow  in  by  the  mouth-piece  a  full  breath| 
which  will  raise  the  wat^r  into  this  cohimn.     If  the  wat 
does  not  retain  its  height,  there  is  an  air  leak  somewhere,! 
If  it  is  from  the  internal  square  chamber  to  this  column,  byl 
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way  of  the  rubber  joint,  it  will  be  evinced  by  continuous 
air  bubbles  arising  therein.  If  the  water  descends  in  the 
column,  without  bubbling,  there  is  an  outward  air  leak 
from  the  square  chamber,  most  probably  by  way  of  the 
valve  or  its  joint,  which  will  cease  after  they  have  been 
soaked  supple  by  the  water;  or  it  may  be  from  around  the 
handles  that  are  in  the  blast-holes,  which  will  be  no  incon- 
venience when  the  machine  is  in  blast,  unless  the  loss  is 
excessive. 

If  the  rubber  rings  leak  water  outwardly,  they  have  not 
been  properly  placed  in  position.  After  this  blowing  part  is 
ready,  and  the  nozzles  do  not  blow  water  through,  the  wicks 
can  be  placed  in  the  four-holed  lever,  of  such  a  size  that  they 
shall  just  rub  in  the  holes  suflBiciently  tight  for  keeping  their 
positions,  but  allowing  perfect  freedom  for  the  capillary 
action  of  the  oil,  or  the  flame  will  not  be  supplied  in  sufli- 
cient  strength  and  purity  for  the  smelting  to  be  performed 
successfully.  This  may  be  seen  by  the  wick  being  dry,  or 
in  red  combustion,  instead  of  being  merely  the  absorbing 
or  carrying  channel  of  the  oil,  for  supporting  the  flame. 
The  trimming  the  wick  properly  is  the  most  diflicult  part  of 
the  operation;  it  should  be  so  cut  that  it  shall  run  in  a 
parallel  diagonal  line  with  the  descending  blast :  be  free  from 
stray  fibers,  and  just  so  large  that  a  clear,  well  oiled  flame 
shall  be  produced,  rather  than  a  too  voluminous,  ragged- 
topped  and  scattered  smoky  flame. 

The  wick-chamber  may  now  be  filled  with  olive  oily  when 
the  machine  will  be  ready  for  the  discrimination  of  minerals  on 
charcoal^  from  their  general  comportment,  as  decrepitation, 
change  of  appearance,  or  color  of  flames;  smell  of  the  more 
volatile  oxides  or  acids  from  sulphur,  ai'senic,  etc. ;  fusibility 
with  or  without  fluxes;  comparative  dispositions  towards 
redaction  to  their  metallic  states;  whether  magnetic  or  not, 
after  fusion;  change  of  color;  loss  of  weight  from  volatiliza- 
tion, or  combustion;  colors  of  slags,  either  alone  or  with  col- 
lateral wet  test^,  etc.,  etc. 

Or  for  examination  in  fjrceps,  for  some  of  the  preceding, 
bat  more  particularly  for  the  colors  of  the  flames  produced 
either  with  or  without  chemical  tests;  for  comparative  fusi- 
bility of  the  more  infusible  minerals;  for  the  change  of  its 
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color,  or  friability;  as  well  as  fur  the  cliaractfnsiic  iigti 
peculiar  sniella  induced  by  heat. 

Or  for  examhuHion  by  a  smfdl  plalhmm  (or  iron)  wire^  ci-ooke 
into  a  tertiiirial  eye,  in  wliicli,  afVer  rertain  fluxes  are  fui^ec 
the  miuemls  are  added  in  minute  quantities,  and  aguij 
smelted;  when  many  of  the  minerals  are  moat  easily  detectc 
hy  the  color,  appearance,  and  changen,  produced  by  the  oxit 
izing  and  reducing  flames;  many  of  which  are  wonderfulH 
prompt^  delicate,  and  reliable. 

And,  lastly,  %  open  and  chse-mded  tvM  ttibeSy  in  which  th| 
pulverized  minerals  are  subjected  to  the  decompot^ing  pow€ 
of  lieat,  sometimes  aided  by  fluxes,  either  over  a  flame  froi 
an  alcohol  lamp,  or  before  that  of  the  blow-pipe  across  th^ 
wick;  the  more  volatile  giving  ofi'  oxides  or  acids,  ga^es  or 
fumes,  that  are  nio^t  n-mlity  recognized  by  si^/lit  NTrHJI,^ 
etc.,  etc. 

TnE    ftXiniZINO  AJJD    RKPUCINO    PLAWKJ5. 

To  jiroduce  |)Ositive  reactions,  it  will  be  necessary  to  tl 
oughly  nndci*stand  what  govenis  the  result. 

In  regard  to  these  flames,  much  has  been  said  and  unsaic 
both  by  Eurojjean  and  Americati  authors,  which  has  muddled 
rather  than  elucidated  this  subject,  by  anomalous  eontradicJ 
tion,  arising,  I  think,  from  their  endeavoring  to  account  foi 
their  difl^ereiit  powei*s  by  purely  chemical  creations  before  oi 
within  the  flames  themselves,  rather  than  frotn  the  mer^ 
mechanical  positions,  that  warm,  or  completely  extract  bj 
actual  combustion,  the  atmospheric  oxygen  that  is  drivo 
before  blast. 

lit  tlie  following  exposition  of  the  flames,  those  that 
di'iven  across  the  natural  flame  of  the  lamp,  at  a  declination 
of  about  10°,  before  the  blast-pipe,  are  meant,  excepting 
when  the  original  flame  of  the  lamp  is  purposely  expressed* 

Fix)m  long  practical  observation,  I  am  led  to  believe  tbi 
the  volatili7,ation,  or  decomposition  and  oxidation,  of  a  raiu-j 
oral  is  produced  in  ati  atmosphere  that  contains  inteusclj 
heated  oxygen,  whidi^  being  thus  induced,  directod,  ami 
pressed,  at  fifteen  pounds  per  inch,  to  actual  contact  with  th^ 
subKtuficc  for  which  it  has  thus  ficquired  a  suitable  nfliuityj 
tor  the  hut  mineral  and  metallic  fluid,  and  no  other  stjhHtjuec 
lining  present,  it  necessarily  completes  its  union  tbercHitlk 
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whether  the  liot  air  ia  produced  and  driveu  by  blue  or  yellow 
flames;  and,  aa  proved  by  a  funiace  muffle,  nothing  more 
than  sufficient  heat  is  required  to  consummate  this  union; 
nor  is  it  facilitated  or  retarded,  when  exposed,  or  in  the 
muflle,  by  color  or  composition  of  the  distant  or  outer  heat- 
supplying  flames,  be  they  yellow  or  blue,  carmine  or  green. 

The  oxidized  minerals  are  also  reduced  or  smelted  into 
metals,  when  gaseous  oxygen  is  excluded,  or  attached  by 
some  other  element  having  a  greater  affinity,  as  hj'drogen  or 
carbon,  whose  combustion,  by  preventing  the  entrance  of 
atmospheric  oxygen  from  without,  and  uniting  to  that  of  the 
niineral,  the  mineral  is  reduced  to  metal. 

In  practice,  the  whole  more  cylindrical  mass  of  the  flame 
i*  better  adapted  for  reductions,  because  of  its  amplitude  and 
power;  and  the  small,  cone-shaped  and  clean  blue  flame  is 
in6nitely  better  for  oxidation. 

For  the  general  purposes  of  qualitative  and  quantitative 
^^alysis,  these  flames  have  been  recommended  by  Berzelius, 
Harkort,  and  Plattner;  and  the  best  and  most  concise  descrip- 
tion that  I  have  seen  of  them  is  contained  in  the  rudimentary 
tf^tise  of  Dr.  Robert  H.  Lamborn  on  the  Metallurgy  of 
(^pper.     He  says : 

"When  the  point  of  the  blow-pipe  is  hold  about  one-third 
^e  breadth  of  the  wick  in  the  lamp  flame  (as  in  Figure  4),  a 
^nie  is  produced  by  blowing  that  is  long,  slender,  and  blue  ; 
^8  hottest  at  the  outermost  i)c»int  (a),  and  is  an  oxidizing  flame. 
This  action,  however,  is  strongo«t  slightly  beyond  a  (about  (/), 
in  the  stream  of  heated  gas. 

'*If,  now,  the  point  of  the  blow-pipe  be  held  as  in  Figure  5, 
somewhat  higher  than  before,  and  not  quite  within  the  flame, 
a  larger  and  more  luminous  cone  of  burning  gases  maybe 
driven  in  the  direction  6,  c;  within  the  bright  portion  of  the 
Same  at  a,  the  above  mentioned  chemical  action  on  oxides 
takes  place,  which  causes  this  to  be  called  the  reducing 
flame,'*     (These  cuts,  being  unnecessary,  are  not  given.) 

His  description  is  all-sufficient  for  every  purpose  of  the 
analyst  and  assayer,  and  is  the  most  convenient  manner  for 
obtaining  such  flames. 

For  those  who  will  use  a  common  or  the  machine  blow- 
pipe lamp,  burning  olive  oil,  for  discrimination  and  assay,  as 
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directed  iu  tliis  work,  these  flames  may  be  furtlier  describes 
id  produced  as  ibllows: 

The  whole  flame  driven  hefiire  the  (/lft>s(^  iiHivhed  bif  flw  tiozzl^ 
at  the  Jii\^t  eml^  when  comphM*^  endosmji  (he  (e^t  sajnplc  with  ^ 
at  the  other  endj  is  the  reduction  or  smeltiny  jliWh , 

Oxidation  is  heM  realized  one-quartci'  of  an  inch  bei/ond  a  ifrmti 
conical,  Uue  jiamts  terminal  jmuL 

Produce  these  in  any  manner  you  may,  the  tirwt  will 
redacc,  and  the  last  will  oxklize. 

The  redui'ing  or  Bmeltiiiir  Hume  is  obtained  before  the 
machine,  at  about  where  tlie  wick-lever  6toi»s  after  outwanl 
travei*se.  The  oxidizing  flame  is  produced  at  or  near  it| 
inward  ancending  limits,  winch  can  be  trantfiversely  |>erfectefl^ 
wlien  necessary^  by  the  elevating  screw  beneath  the  haiiUU 
of  tlie  wick-lever. 

DIltCRlMINATION   ON    CHARCOAL. 

Cat  a  piece  of  aound,  well  Inirnt  pine  ehaivoal,  by  fir 
sawing  it  veitically  as  tlie  tree  grew,  or  lengtliways*  with  thq 
branch,  as  [ilanks  of  Inniber  are  cut,  to  abuut  three-fouil 
of  an  inch  thick,  and  not  le^s  than  two  inches  square;  on  oui 
of  its  flat  or  largest  Bides  cut  with  j  our  knife  n  j^mnM  rerea 
of  the  size  and  shape  of  a  split  pea,  near  unto  eitlier  edgej 
into  which  put  a  piece,  no  larger  than  a  grain  of  wheat,  \\i 
the  mineral  for  examination ;  or^  if  a  powder  is  to  be  testedJ 
the  eiamc  tpiantity  nniy  be  moistened  with  water  into  a  pai»teJ 
and  prcKsied  vvirli  the  j^oint  of  a  knife  into  a  similar  concavity  J 
so  tliat  the  blast  shall  not  ncatter  it  from  the  coaL 

For  mere  examination,  light  the  nearcKt  lamp,  and  u^e  Uiej 
nearest  blast  pij^c  only,  by  placing  tlie  handle  of  the  thirdl 
and  fi^urtb  twin  pipe^  into  the  large  niain  sup|dy  pipi\  nnd( 
your  small  clearing  needle  into  the  second  itrificc, 

After  the  lamp  has  burnt  fur  a  minute^  trim  otl 
fibcrg^  collect  the  wick  into  snug  shape,  and  in  proper  pn^it 
before  tlie  nozzle,  m  that,  wlien  the  blaM  H  applied^ 
blowing  a  full  breath  into  the  ma<dnne  occaRionalt-   -  •- 
niinous  yellow  or  conical   blue  flame  can   be  pi 
pleasure  (by  the  appn>priate  nmtionn  of  the  wiek-l^ror,  aa 
Its  transverse  h         '    '         '     *     i  and  t^xiT 

It  will   b€s  lal   for  V  tliat  tilel 
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charcoal  be  first  tested  by  the  flames,  before  any  mineral  is 
placed  thereon,  so  as  to  be  aware  of  the  effects  produced;  as 
some  coals  acquire  a  coating  or  coloring  from  innate  impuri- 
ties, that  too  closely  resemble  some  of  the  mineral  oxides. 

EXAMINATION  OP  THE  VEIX  STONES,  AND  MINERAL  MATRICES, 
OX  UNFLUXED  CHARCOAL;  AS  QUARTZ,  HEAVY  SPAR,  FLUOR 
SPAR;  CALC  SPAR,  OR  THE  OTHER  CARBONATES  OF  LIME, 
GYPSUM,  MAGNESIA,  AND  ALUMINA;  WHEN  SEPARATED  FROM 
THE   METALS    AND    METALLIC    MINERALS. 

A  fragment  of  matrix  or  gangue  stone  from  a  vein  or  min- 
eralized pocket,  being  placed  in  this  recess  of  the  charcoal, 
it  must  be  held,  for  about  one  minute,  before  the  oxidizing 
flame,  during  which,  if  it  is  not  pulverized,  you  will  notice 
whether  it  decrepitates  (or  suddenly  bursts  with  a  crackling 
noise  into  fragments),  as  fluorspar  (fluate  of  lime),  and  heavy 
spar  (sulphate  of  baryta);  if  it  changes  color,  as  gypsum 
(sulphate  of  lime),  which  immediately  becomes  white,  and 
^ramble.^  into  plastcr-paris;  or  whitens,  and  be;-omes  opaque, 
and  luminous  on  the  edges,  as  the  calcareous  sizars;  or  phos- 
phorescent blue,  at  a  moderate  heat,  even  after  leaving  the 
fife,  as  fluorspar;  or  partially  or  entirely  fusible,  as  heavy 
^par,  fluor  spar,  and  gypsum,  under  long-continued  intense 
neat;  or  infusible,  as  (piartz,  carbonate  of  magnesia,  alumi- 
nous earths,  and  the  carbonates  of  lime. 

ADDrrroXAL  collateral  tests,  IJY  CARIIONATE  OF  SODA,  WATER, 
SULPHURIC  ACID,  AND  MTKATE  OF  COllALT  SOLUTIOX,  ON 
THESE   VEIN    AND    POCKET   STONES. 

First,  add  a  drop  or  two  of  nitrate  of  cobalt  to  the  fused 
*tone  or  powder,  and  re-ai)ply  the  flame  for  a  few  seconds; 
and  observe,  after  it  becomes  cold,  if  any  change  of  color 
has  been  produced.  If  brownish  pink  or  flesh-colored,  mag- 
nesia is  present  in  some  of  its  comiiounds;  if  pale  blue, 
alumina,  as  a  component  of  a  clay.  When  magnesia  and 
alumina  are  both  present  in  a  i)ulveri7.ed  sample,  they  can  be 
more  easily  and  positively  recognized  through  a  magnifying 
glass.  These  reactions  or  changes,  thus  produced,  arc  very 
characteristic,  as  nothing  can  conflict  therewith  in  practice, 
unless  borax  and  manganese,  or  borax  and  nickel,  are  also 
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present,  wlueli  would  foitn  somewhat  similar  bfiuis  t<>  tf 
uf  nitrate   of  ouljalt  iiud   rjiagiiesia;    whilst^  if  borax   werfi 
present,  it  would  also  form  a  lilue  wnth  the  cobalt  frum  this 
>IutioiL 

Quartz  nmy  be  distingnishct!  from  heavy  qmr  by  not  losiuj 
weight  under  lire,  aud  by  being  fusible  with  carbonate  of  soda 
on  chareoal,  and  by  not  giving  the  sulphur  reaction  by  color- 
ing Bih^er  brow!i  or  blaek,  when  moistened  with  water  atidH 
placed  thereun,  after  tliipi  fusiiui  with  earboaate  of  soda.         fl 

Heavy  gpar  contains  sulphur,  and  therefore  loses  weight, 
under  the  volatilizing  power  uf  fire;  gives  this  sulphur 
reaction  with  carbonate  of  t^^oda,  and  is  still  infusible  there 
with, 

Fhior  j^j»ar  can  be  most  easily  recognized  before  aflame,  or 
by  throwing  a  stone  into  a  tire,  situated  in  a  comparatively 
dark  place,  where  each  scattered  fragment  will  exliibit  a  very 
peculiar  ]dR>sp]i orescent  light  for  8ome  time  after  it  has  lett 
the  fire,  which  resembles  nothing  else,  and,  once  seen,  will 
never  l>e  forgotten.  This  wtune  is  ctuuposed  of  fluoric  acid 
and  lime,  and,  when  tlecom posed  by  warm  sulphuric  acid  in 
a  ffla.ss  vessel,  the  released  flnoric  acid,  having  a  strongM 
uflinity  for  silica,  immediately  attstcks  the  glass,  aud,  hy 
destroying  its  polished  surface,  produces  a  frosted  or  etched, 
appearance.  This  may  be  peiformed  on  a  smaller  scale  on! 
charcoal,  by  moistening  the  sample  with  sui]dmric  acid,  ami] 
treating  it  beyond  the  point  of  a  clean  Hame,  so  that  the 
escaping  acid  may  impinge  on  the  glass. 

The    other   lime    stones    may  be   generally  known,   afterj 
having  been  well  burned,  by  their  slacking  in  water,  similar] 
to  the  commercial  article;  the  carbonates  of  lime,  by  their] 
somewhat  violent  ctfercescence  in   all  of  the  strung  acids; 
and  gypsum,  the  sulphate  of  lime,  nuiy  be  known,  io  addi- 
tion to  the  test  already  given,  by  tlic  sample  being  fused  with 
carbonate  of  soda  tni  chjovoal,  as  above,  which,  by  producing 
a  sulphate  of  sodji,  that  is  solnble  in  w^ater,  colors  the  silver! 
from  brown   to  bhu-k,  acconling  to  the  quantity  present,  orj 
time  allowed  ftn*  the  reaction.     This  test  becomes  much  mom 
prompt  and  delicate,  when  the  silver  coin  thut  supports  the, 
sulphate  solution  is  wormed  over  a  lamp. 


THE    EXPLORER.-?,     MINERS     A^D 

Cut  10  rcpresoots  a  telc^copifally  arrnngcil  Berzclinn  IjIow- 
pipe,  tliat  may  be  oarried  in  the  vest  pix-ket,  wliicli  1  have 
made  after  the  manner  eJiowii  by  the  triple  illustrations,  as 
fixed  for  use;  separated;  and  packed  fur  traveling;  whieh 
explain  tl  rem  Be  Ives. 

The  ordinary  form,  tlioiigli  nioi^t  convenient  and  exceed- 
ingly small  for  laboratory  usee,  is  untowardly  long  for  the 
prospeetor*ft  pocket,  and  general  itinerant  pnrpntjes. 

In  ihe  section  of  a  portion  of  (ha  hlow-pipe,  Cut  17,  icill  be 
seen,  wiihin  ihe  wou(k*pkc€^  another jyectdiaritt/ — (he  small  insaied 
flanged  tuhe  marked  a;  which  most  eff^ectkef*/  prevmis  the  teater 
that  U'Oidd  otheririse  pass  from  the  mouth  into  the  hlow-pipe,  and 
over  ihe  charcoal^  during  huff  blojcinff  for  the  various  quandtativa 
results. 

Citt  17t 


Its  action  is  most  complete,  as  the  water  cannot  turn  the 
corner  of  the  flange.  It  can  be  easily  applied  to  any  bell- 
mouthed  blow-pipe,  and  at^  it  is  always  better  and  less  tire- 
some to  receive  the  bell  within  the  mouth,  to  be  pressed  by  the 
blast  against  the  interior  of  the  lips,  than  to  press  it  mcchanictdly 
agaimi  thtir  exterior^  no  inconvenience  can  arise  from  its 
presence. 

EXAMINATION  OF  TOE  AIORE  USEFUL  METALLIC  MIlH^ERALS,  BY 
SMELTIXQ  WITH  FLUXES  ON  CHARCOALj  SUMKTIMKS  ASBI6TED 
BY    WET   TESTS* 


I 

I 

( 


Take,  for  an  example,  about  one  grain  of  the  pulverized 
sample,  prepared  in  the  manner  described  in  Section  III, 
Chapter  III»  page  180^  and,  atT:er  mixing  it  in  tbe  mortar  witli 
its  bulk  of  carbonate  of  soda,  pulverize  it  with  a  little  water  ■ 
into  an  impalpable  thick  paste,  and  place  it  in  a  cylindrical 
cavity  abotU  three-eightbrt  of  an  inch  in  diameter  and  three- 
eighths  of  an  inch  deep,  formed  near  one  edgQ^  on  the  flat 
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side  of  the  coal.  Blow  a  very  gentle  oxidizing,  blue  flame, 
thereon  for  one  minute,  and  then  the  whole  of  the  yellow 
reducing  flame,  which  must  completely  cover  the  sample,  for 
two  minutes;  and,  lastly,  the  oxidizing  flame,  with  the  sam- 
ple about  three-eighths  of  an  inch  beyond  the  conical  point 
of  this  blue  flame,  for  about  a  minute  longer,  when  you  may 
cease  blowing,  and  carefully  examine  the  appearance  of  the 
cbarcoal,  both  when  hot  and  when  cold. 

At  some  distance  frnm  the  cavity  that  contained  the  sample 
may  be  seen,  whilst  it  is  still  hot,  the  orange-yellow  oxide  of 
lead,  which  will  become  sulphur-yellow  when  it  is  cold.  The 
oxide  of  zinc  is  also  yellow  when  hot,  but  whiie  when  cold; 
aud,  when  the  oxide  of  lead  is  also  present,  the  yellow 
becomes  narrower  when  cold.  Close  to  the  assay  will  appear 
the  heavier  white  oxide  of  tin,  which,  after  it  has  been  moist- 
ened by  one  drop  of  the  nitrate  of  cobalt  solution,  and  fused 
before  the  oxidizing  flame  for  about  a  half-minute,  it  will 
sbow,  when  cold,  a  change  to  the  characteristic  color  for  tin 
of  greenish  blue;  and,  further  from  the  assay,  the  green  of 
zinc.  You  may  also  see,  with  a  lens,  the  clear  pale  blue  of 
alumina,  and  the  flesh  colour  of  magnesia  in  patches  of  the 


Now,  by  moistening  the  mass  with  hydrochloric  acid 
(muriatic),  and  re-flaming,  the  first  flame  produced  thereby 
will  be  blue,  and  then,  after  a  few  seconds,  the  green  flame 
from  copper  will  appear. 

Next,  lift  the  whole  slag  from  the  charcoal,  and  apply  it  to 
^te  magnetic  needle  of  j'our  compass  (which  should  have  a 
removable  glass  for  this  purpose);  it  will  be  magnetic  from 
educed  iron,  or  iron  from  the  mortar  (which  might  have 
Wn  prevented  by  bruising  in  brass  or  between  stones). 

Lastly,  the  presence  of  sulphur  may  be  recognized  by  lay- 
^^gthe  sulphate  of  soda,  thus  formed  in  water,  on  silver,  as 
^  the  previous  examples. 

This  is  a  complicated  case,  and,  as  regards  the  earths,  the 
colors  are  too  much  mingled  by  fluxed  fusion,  and  obscured 
ty  mineral  oxides,  for  reliance  thereon  ;  but  it  serves  as  an 
important  illustration  of  the  value  of  the  preliminary  water 
sepJEtration,  as  described  in  Section  III,  Chapter  III,  and  as  an 


example  for  the  less  intricate  cases  m  the  alphal.»etical  list  of 
mineral  tests  recorJed  in  Chapter  YI,  Sectiun  III. 

EXAMINATION    IN    FORCEPS. 

The  phUinuni'pointed  lbrcef>a  are  most  appmpriate  Ibrtliis 
work,  as  they  reetist  all  single  acids  a8  well  as  the  ordinary 
fire;  hut  a  small  iron  wire  may  he  ttirned  round  to  form 
natural  spring-points  for  most  occasional  purposes,  as  they 
resist  to  some  extent  the  heat  from  the  blnw-pipe,  do  not 
color  the  flame  with  t!ie  re-agents  tluit  are  used,  and  if  the 
test  18  saturated  witli  the  acid,  when  oft*  from  the  wire,  it  will 
serve  for  some  considerable  time,  in  the  absence  of  the  stipe- 
rior  article. 

The  forceps  are  used  ftjr  hnldiuir  snnill  pieces  of  mineral 
hetween  their  spring-puints^  in  the  Ha  Trie,  witliuut  Hnxes,  but 
occasionally  with  an  acid;  and  it  i,s  best  adapted  for  observ- 
ing the  changes  produeecl  by  heat  alone,  as  decrepitation, 
luminosity,  and  color;  the  fusibility  of  the  more  infusible 
earths,  tlic  colore  of  the  flames  or  changes  generated  by  heat 
alone,  or  aided  l)y  some  wet  solvent;  us  well  as  the  character- 
istic smells  that  are  evolved,  and  magnetic  propeities. 

To  apply  this  test,  just  seize  a  small,  sbarp-edged  piece  of 
the  mineral,  about  the  size  of  a  pin*s  head,  I)etween  the  eelt- 
closing  spring  puints  of  the  forceps,  and  after  it  has  been 
acted  on  by  a  cleai%  strong  flame  for  a  few  seuonds,  to  notice 
if  it  deciHipitates,  changes  color,  or  becomes  lustrous,  or  fusea 
entirely,  but  partially  on  the  shaq*  edges,  or  not  at  all ;  if  the 
flume  sliows  any  peculiar  color,  either  before  or  after  the 
mineral  has  been  moistened  by  a  characteristic  solvent^  SiS 
that  of  hydro'chlnric  acid  for  copper,  which,  after  first  giving 
a  blue,  from  chlorine,  concludes  with  the  green  from  copper; 
if  it  is  magnetic  eitlier  before  or  after  long-continued  blowing; 
and,  lastly,  if  it  slacks  like  lirne  in  water, 

DISCRIMINATION    BY    FLUXES    IN    TUE    PLATINl  M    WIBE. 

This  method  for  qualitative  analysis,  so  portalde,  and  con, 
venient  for  use,  and  wonderfully  prompt  in  action,  frequently 
obtains  the  most  incontrovertible  and  astounding  results; 
requiring  but  a  mere  speck  of  the  mineral,  it  acquires  as 
much  information  in  a  minute,  as  regards  its  more  palpable 
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reactions,  as  other  means  in  several  hours;  and  so  easily, 
that  it  is  in  such  cases  invahiable  for  the  mineralogist,  metal- 
lurgist, and  general  chemist,  in  dealing  with  some  minerals, 
metals,  and  chemical  precipitates;  the  more  so  because  many 
of  them  arc  the  most  difficult  by  other  re-agencies. 

The  miner  and  metallurgist  will  realize  those  of  the  fol- 
lowing examples  in  his  practical  avocation: 

For  illustration,  a  sample  that  becomes  magnetic  after 
complete  fusion  on  charcoal,  from  the  presence  of  iron, 
or  nickel,  may  be  pulverized,  then  well  washed  with  warm 
water,  and  examined  thus:  Take  a  piece  of  small  platinum 
wire  (of  the  size  of  the  smallest  bird-cage  wire),  from  one  to 
three  inches  long,  which  place  in  a  metallic  or  wood  handle, 
as  you  would  a  brad-awl;  next  turn  the  outer  end  into  a 
small  hook,  like  a  shepherd's  crook,  or  an  eye,  of  about  the 
shape  and  size  of  the  note  called  serai-breve  in  musical  nota- 
tion; hold  this  terminal  e3'e  into  the  clean  oxidizing  flame 
until  it  becomes  red  hot,  Ihen  dip  it  into  some  pure  borax 
glass  (borax  previously  fused  in  a  crucible),  and  warm  it  in 
the  flame  until  this  loop  is  filled  to  a  colorless  bead,  which 
cool,  and  moisten  it  with  water,  if  the  sample  to  be  tested  is 
dry,  80  that  a  small  portion  may  adhere  thereto,  or  dip  it 
therein  if  it  is  wet,  as  the  above,  or  as  a  chemical  precipitate 
would  generally  be.  Now,  if  the  magnetic  mineral  or  metal 
i^  iron,  the  bead  will  be  changed  by  the  oxidizing  flame  to 
red  whilst  hot,  and  yellow  when  cold,  and  to  bottle-green  in 
the  reducing  flame,  and  when  a  particle  of  metallic  tin  is 
added  thereto,  it  intensifies  this  color  to  coiiperas  green. 

If  the  magnetic  mineral  is  cobalt,  it  will  produce  a  bright 
"luebead,  hot  and  cold,  in  both  flames,  with  borax. 

If  the  magnetic  mineral  is  nickel,  it  will  be  violet  when 
hot  and  reddish  brown  when  cold,  in  the  oxidizing  flame, 
^H  afler  long  blowing  in  the  reduction  flame,  colorless, 
^or  more  positive  proof  of  the  presence  of  nickel,  the  absence 
of  manganese  must  be  demonstrated,  which  gives  a  some- 
what similar  bead,  and,  being  frequently  associated  with  iron 
^W  attracts  the  magnet,  would  thus  too  closely  resemble 
Qickel.  The  presence  of  manganese  may  be  most  readily 
pertained  by  thoroughly' cleaning  the  platinum  wire  from 
borax,  and  testing  in  a  similar  manner  with  a  clean  bead  of 
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carbonate  of  sodu;  if  niaivganeso  is  present,  the  glass  will 
fuse  to  a  very  eliaraetenstie  trreen,  which  beconies  bluish 
green  w^ben  quite  cold;  whilst  the  nickel  wouhl  be  reduced  M 
in  this  flux  to  the  metiiltic  state;  nud  if  smelted  with  car-  " 
hunate  of  soda  on  ehareoal,  then  pulverized,  and  water- 
waslicd  as  described  in  the  latter  part  of  this  chapter,  the 
nietallie  nickel  may  be  extracted  from  the  li(juid,  or  its  dried 
residue,  with  the  magnet,  and  reexamined  by  borax.  The 
manganese  and  oobalt  cannot  be  thus  reduced,  and  the  iron 
is  known  hj-  the  diJ^simihir  bead.  ■ 

The  characteristic  colors  of  the  fluxed  mineral  beads,  when  ■ 
some  of  the  minerals  are  in  excess,  can  be  much  more  easily 
performed  and  distlnetly  recognized  when  pulverized  than 
by  the  flattciruiir  of  the  hot  slag  between  forceps,  as  described 
by  the  autliors. 

The  above  example  should  serve  to  show  tlic  importance 
of  keeping  the  fluxes  separate^  and  obtaining  them  chemi- 
cally pure,  as  otherwise  nuicli  confusion  wi[l  result. 

Another  application  of  this  nietliod  of  testing  will  suflice 
both  for  colors  of  the  beads  and  flames:  I 

Prepare,  in  a  Hiniilar  manner,  with  microcosmic  .salt  (the 
donl)le  phosphate  of  soda  und  amnionia),  a  cicur  bead,  which 
fuse  with  oxide  of  copper  to  saturation,  or  with  mineral  cop- 1 
per  oxidized  with  this  re  agent  of  microcosmic  snlt,  before  I 
the  point  of  the  small  conical  blue  flame,  until  it  sliows  the 
strong  characteristic  coloi^s  of  green  when  hot,  and  blue  when 
cold;  next  add  thereto  any  substinu-c  to  be  tested  for  ehlo* 
rine,  as  hydro-chloric  acid,  chlorides  of  sodium  or  ammonia,  ■ 
chlorides  of  silver,  zinc,  or  copper,  chlorides  of  calcium,  | 
barium,  etc*,  etc.     If  chlorino  is  present  in  any  form^  an 
infensely  blue  flame  will  be  produced,  beyontl  the  point  of 
the  oxidizing  flame  and  sample,  in  tlie  ignited  gases  that  are 
driven  before  blast ;  and^  if  hydro-chloric  acid  is  being  tested, 
as  it  is  also  a  solvent  of  copper,  after  the   eblorine  flame 
paascs  away,  the  charncterisfic  green  flame  of  copper  will 
appear;  and,  when  chloride  of  sodium  is  being  tested,  that 
of  the  strong  yellow  flame  produced  by  soda  will  predomi- 
nate, the  Idue  from  the  chlorine  showing  on  the  borders 
during  tiie  first  few  seconds  oidy,  whilst  the  soda  will  be  visi- 
ble for  some  minutes. 
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This  test  for  copper  may,  however,  be  more  easily  applied 
in  the  forceps,  by  moistening  the  unfluxed  solid  with  hydro- 
chloric acid,  and  placing  it  in  the  heated  current  produced 
by  the  oxidizing  flame. 

DISCRIMINATION  IN  CLOSE  GLASS  TUBES,  OVER  THE  ALCOHOL  LAMP. 

To  form  a  tube  stand  with  the  machine,  place  the  cylin- 
drical roasting  furnace  on  the  pressure  column,  and  screw  on 
the  short  double-jointed  lever  thereto,  as  seen  in  Figure  15, 
page  138  ;  attach  to  its  outer  end  the  three-holed  tube-holder, 
and  insert  a  close-ended  test  tube  in  one  of  these  holes,  so 
that  it  shall  have  an  angle  of  about  25°  from  the  horizontal. 
If  you  have  no  alcohol  lamp,  take  a  common  conical  ink- 
bottle,  and  drill  a  hole  in  its  cork  sufficiently  large  to  receive 
loosely  an  empty  cartridge  from  a  small  pocket-pistol,  and 
then  to  stamp  or  drill,  with  the  point  of  a  knife  or  scissors,  a 
one-fourth  inch  hole  in  it  to  receive  a  cotton  wick. 

To  operate  on  a  sample  supposed  to  contain  mercury 
(probably  sulphuret),  which,  being  very  volatile,  requires  this 
close  treatment;  you  may  mix  about  one  grain  of  the  ore 
with  its  weight  of  dry  carbonate  of  soda,  which  place  in  this 
tube  of  about  five-eighths  of  an  inch  in  diameter  and  closed 
at  the  one  end,  and  gradually  apply  the  heat  of  the  lamp 
underneath  for  about  ten  minutes.  If  mercurial  ore  is  pres- 
ent, it  will  be  decompoicd,  and  the  volatilized  metal  will 
settle  in  the  upper  and  colder  part  of  the  tube,  and  can  be 
collected  by  rubbing  with  a  glass  rod,  or  knife,  and  easily 
recognized  in  white  metallic  globules  by  a  lens.  A  still 
more  delicate  test  is  that  of  inserting  a  piece  of  gold  leaf, 
Wrapped  around  a  small  iron  wire,  into  the  tube  to  about  a 
halt-inch  above  the  heated  sample,  being  suspended  to  posi- 
tion by  a  suitable  crook  at  its  upper  end;  if  the  smallest 
quantity  is  present,  it  will  whiten  the  gold  by  amalgamation. 

DISCRIMINATION   IN   GLASS   TUBES   OPEN    AT    BOTH   ENDS. 

These  tubes  should  be  about  one-fourth  of  an  inch  internal 
diameter,  and  may  be  passed  loosely  into  one  of  the  holes  of 
this  three-holed  lever,  in  such  a  manner  that  it  shall  rest 
securely  therein,  when  dipping  at  an  angle  of  from  20  °  to  30  ° 
from  the  horizontal ;  the  mineral  to  be  examined  must  be 
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pulvenzetl,  and  .should  lie  witLiii  about  three^fonrths  of  an' 
inch  from  tlie  lowc^r  end  of  the  tube;  the  uatnral  flame  ftom 
the  alcohol  Inmp  — or  sometimes,  v/heD  greater  licat  is  desirn- 
ble,  the  bhuv-pipc  flame  —  should  he  applied  at  about  one- 
third  the  length  of  the  piih-erized  mineral  down  from  its 
highest  end ;  Bome  minerals  are  ihuti  decomposed,  and  their 
more  volatile  elements  are  carried  upwards  by  the  rarified 
gase^,  and  either  re-settle   in  the  colder  parts  of  the  tube, 
with  characteristic  cold's  at  their  respective  dietanees,  <^hM 
passing  through  the  upper  end  of  the  tube,  they  are  detected 
by  peculiar  smells,  acid  properties,  etc.,  etc.,  as  Avell  as  from 
all  these  peculiarities,  in  coimectioo  with  the  tests  by  other 
niethods;  antimony  from  its  flower^'  perfume,  and  arsenic  hy  M 
its  disagreeable  garlic  stink,  the  both  by  their  white  volatile  ■ 
oxides,  in  tVie  tube,  and  in  the  smoke  that  passes  through; 
sulphur  by  itg  yellow  and  yellowish-white  oxide  on  the  inte- 
rior of  the  tube,  and  by  the  well  known  smell  of  sulphurous 
acid.     {See  Chapter  VT,  lor  Minend  Keactions.) 

These  examples  will  be  gufficient  for  exposing  the  various 
methods  of  manipulation,  and  tliey  may  be  further  varied 
and  extended  to  suit  the  records  of  mineral  n  atttDvis,  in  the 
numerous  tables  that  have  been  published* 


EXAMINATION    BY   SMELTING   AND   WATER-W ASHING . 

For  qualitative- quantitative  information,  to  ascertain  if 
any,  or  w^hat,  sraeltable  minerals  may  be  present  in  a  stone^^ 
it  is  often  very  effieacious  to  fuse  a  quantity  of  say  one  grain 
with  the  ordinary  Idow-pipe,  or  ten  grains  before  the  machine, 
of  the  pulverized  sample  that  has  been  passed  through  its 
sieve,  and  further  rendered  impalpable  in  tlie  mortar,  as  fol- 
lows: With  the  mineral  thus  prepared  and  weighed  mix  its 
volume  of  carbonate  of  soda,  and  halt'  its  volume  of  borax 
glass,  and  after  it  has  been  placed  in  a  paper  cartridge,  and 
fiiseil  by  tlie  reduction  flamo  for  some  ten  minutes,  tlie  fusi- 
ble metals,  if  any  are  present,  will  be  reduced,  either  as  an 
alloy,  or  sepanited  according  to  their  dispositions,  etc.  Next 
pulverize  to  a  fine  powder,  without  sifting,  and  wasli  with 
water,  as  described  in  the  eliapter  an  Mater  treatment,  which 
will  pass  away  the  soluble  and  lighter  debris;  pulverijse,  by  i 
rubbing  the  wet  remainder  under  the  pestle;  re-w^ash,  to  pass 
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bnt  tlio  flutteiicnl  metalUt*  disks,  whifli  may  bo  fully 
exiumnetl  with  tlie  naked  eye  for  practical  jmr|>*»seR;  but, 
when  vision  is  asHistod  by  a  magnifying  glass,  the  most 
miijute  quantities  eiui  be  thus  detected,  if  the  manipulations 
liave  been  earefully  conducted,  iitul  the  metals,  when  not 
allayed,  recognised  by  their  ccdors,  etc, 

I  have  just  received  the  particulars  and  drawings  of  the 
following  machine  from  my  brotlier,  Jolm  Phillips,  who 
(having  been  IVu*  tnuny  year.^  the  Icjcal  Government's  Mineral 
Surveyor  of  the  Ballarat  Gold  Fields,  and  since  Surveyor 
aud  Registrar  of  St.  Arnaud  Districts,  of  Australia),  seeing 
the  great  necessity  for  more  con ven tent,  ecoTiomieal,  and  yet 
^fficient^  means  for  preliminary  examinations  of  extensive 
bodies  of  auriferous  quartz  in  that  country,  contrived  the 
compact  combination  of  rnoitar  and  pan  for  simultaneous 
[Pulverization  and  amalgamatioUj  as  shown  by  Cut  18,  which 
he  calls  the  ^4*oktable  Quartz  Reef-Tkster/' 

CmC  1«. 


He  has  also  contrived  an  exceedingly  ingenious  and  skttb 
fully  calculated  (though  less  practically  useful)  gold-valuing 
'"-'ver,  for  asceitainiug  at  sight  the  qinintity  of  gr»ld  lontained 
^^ithin  any  nuggotixed  stone  of  quailz,  of  coui'se  when  other 
^ul)j(tances  are  absent,  which  is  more  frequently  the  case  in 
^h<5  gold  fields  of  Australia  than  elsewhere. 

It  records  the  answers  to  twelve  separate  desiderata,  and 
^-lii^  too,  without  the  use  of  any  weights,  being  simply  ascer- 
Wned  by  equipoise  of  the  test  sample  with  a  lessor  substauce, 
*8  governed  by  the  relative  specific  gravities  (»f  tho  more  or 
fes  aurlferi^ed  quartz. 
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CHAPTER    V. 


DIBCRrMINATIDN   OP  THE    USEFUL    AND   PROFITABLE   MINERALS   BY, 
A   NEW   METHOI>,    FOR    PRACTICAL   MEN. 

These  modes  for  examination  are  ijiteiided  for  practicar 
men,  who  Imve  no  other  took  than  can  be  found  in  and 
around  all  prospectors'  and  miners*  camjis. 

EXAMINATION   OF   THE   VEIN-STONE    MATRICES. 

In  the  examination  of  a  stone  that  has  been  broken  fi-om  a 
mineralized  vuiu  or  pocket  (which  is  in  itself  a  safeguard  for 
the  aht^enee  of  many  other  stones  and  earths,  and  confines  the 
iiuniher  to  hut  a  few  for  examinati^ai),  tir:?t  ob&er%^e  its  color, 
hardness,  crvstallization,  and  weight,  or  specific  gravity,  ^jfl 
handling,  or  actual  weighing,  etc. 

If  it  is  w^iite,  and  more  or  less  transparent;  rosy  or  rust^_ 
white;  8Ci*atches  glass,  or  is  wdmlly  or  partially  composed  0^ 
six-sided  pyramidal  crystals,  that  terminate  in  an  abruptly 
mitored  point  from  tlie  same  nunjber  of  sides,  either  at  th^H 
one  or  liotli  ends,  and  does  not  decrepitate  (burst  with  ^| 
crackling  noise,)  or  lose  weight  after  being  roasted  for  a  half- 
liour  at  red  heat;  clianges  in  no  way,  and  still  bruises  with 
diliicnlty  to  a  fine  powder:  it  is  quartx. 

If  the  test  stone   is  w^ater- white,   yellowish,   sky-blu^ 
greenisli-hlne,  rosy  red,  ametliystine,    purple,  deep  purpli 
approaching  to  black,  very  brittle,  does  not  scratch  glass,  an^ 
is  not  scratched  by  the  nail,  crystalized  in  cubicttl  forms,  and 
on  being  heated  in  the  fire,  in  a  comparatively  dark  placOf  fl 
suddeith/  bursts  iriih  a  eraeklim^  noise,  and  scattei*s  into  nuinof 
ous  pieces,  which  exhibit  peculktr  pho.itphoreseen(  Uffhts^  thai 
vary  in  color  as  much  as  the  mineral  itself,  and  nmiimie  vinl 
for  some  time  after  it  has  escaped  from  the  fire:  it  is  fluor  span  ' 
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If  the  stone  is  white,  rusty  white,  yellow,  greenish  or 
grayish-blue,  too  soft  to  scratch  glass,  and  does  not  decrepitate 
when  placed  in  a  hot  fire,  but  becomes  lustrous  ichen  very  hot, 
at  the  latter  stage  of  one  hour's  roasting,  and  white  when  it  is 
cold,  having  lost  from  a  third  to  nearly  half  of  its  weight, 
becomes  caustic,  and  slacks  and  crumbles  to  powder  in  xcaier:  it 
is  one  of  the  carbonates  of  lime,  as  compact  marble,  which 
resembles  loaf  sugar;  or  chalk,  which  is  friable,  and  readily 
marks  whatever  it  touches;  or  rock  limestone;  or  calc  spar, 
which  is  fine-grained,  wax-like,  soft  to  the  touch,  cuts  freely, 
and  is  easily  scratched  by  the  nail. 

These  and  other  carbonates  effervesce  in  all  of  the  strong  acids, 
which  is  good  collateral  evidence;  but  crystallization  availeth 
notliing  for  your  purpose  in  this  example,  as  more  than  eight 
hundred  modifications  from  the  obtuse  rhomboid  have  been 
observed. 

If  the  stone  is  dirty  white,  yellow,  red,  brown,  or  gray;  of 
a  horny  or  pearl-like  appearance;  or  bruises  to  a  flour-white, 
oris  easily  scratched  by  the  nail  to  this  flour-like  appearance; 
or  cuts  into  thin,  flexible  flakes,  and  immediately  whitens 
and  crumbles  in  the  fire,  as  if  Huffering  pain,  and  speedily 
becomes  caustic,  with  loss  of  about  two-thirds  of  its  weight, 
and  slacks  in  water:  it  is  gypsum  (or  hydrated  sulphate  of 
lime).  As  an  additional  proof,  the  sulphur  may  be  detected 
by  fusing  some  of  the  pulverized  stone  with  carbonate  of 
soda,  or  saleratus,  which  contains  it,  in  an  iron  spoon,  over 
the  fire,  and  placing  a  piece  of  the  slag  on  a  silver  coin, 
moistened  with  water,  when,  if  sulphur  is  present  in  any 
form,  the  silver  will  be  tarni?*hed  to  a  brown  or  brown-black, 
from  the  soluble  sulphate  of  soda  thus  formed.  This  may 
be  facilitated  and  intensified  by  placing  the  coin  on  a  previ- 
ously warmed  stone,  baking-dish,  or  other  hot  substance. 

If  the  stone  is  white  (or  sometimes  dirty  yellow,  bluish,  or 
from  red  to  brown  on  the  faces,  and  bruises  whiter);  is  of  a 
sparry  and  glassy  appearance,  but  does  not  scratch  glass; 
decrepitates  in  the  fire  without  luminosity  or  phosphores- 
cence; lessens  its  weight,  but  does  not  slack  in  water;  and 
gives  the  sulphur  reaction  on  silver,  as  described  in  the  pre- 
ceding test  for  the  sulphur  of  gypsum:  it  is  sulphate  of 
baryta,  or  heavy  spar.     The  metallic  mineral  carbonate  of 
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iron  is  eometimes  wiiite,  but  i.s  luiii^iuil,  fiiul  miiy  be  discoi 
eretl  by  being  roasted  in  a  hot  tire,  after  wliieh  it  become 
ma^ii:ijetie.  bruises  red,  and  wat^lies  away  in  water. 

Tliirt  may  be  varied  to  suit  certain  eases,  as  oecas-ion  majl 
dictate ;  as  it  will  be  seen  tbat  tlie  sago-bush  fire  has  no  effe<: 
on  quartz,  whieli  seratehes  ghxss;  that,  eoiipled  with  crystal 
lization,  this  fire  test  is  an  all-sufficient  detective  fur  flue 
spar,  by  exposin^^  itr<  properties  of  burstini^  into  Inmtnoul 
phosphorescent  particles;  aw  uhso  for  the  rarbonates  of  lim^ 
which  are  made  to  slack  in  water;  and  tor  gypsum,  by  cauq 
ing  it   to   crumble   ininiediately   into   '* Plaster   of    Paris' 
powder;  whilst  the  heavy  spar  i^  distinguished  from  quarts! 
the  carbonates  of  lime,  and  from  gypsum,  by  decrepitatiouj 
and  from  fluor  spar,  by  lacking  its  veiy  eharactenstic  phc 
phoreseent  ligiit. 

And  the  fusion  with  carbonate  of  soda  in  the  iron  SpooH 
will  prove  (if  it  is  white  lead  ore,  by  smelting  it  to  nietnlIU 
lead),  the  presence  or  absence  of  the  sulphates  of  lime  ot 
baryta,  wlien  they  can  he  distinguished  by  either  whitenin| 
or  decrepitating  under  the  action  of  tlie  fire. 

If  you  have  acids,  they  woidd  prove  tlie  carbonates  by" 
eftervesceuce,  and  quailz  and  gypsum  by  their  insolubility. 


PEPAKATE  DLSGRIMINATIDN  OF  ANTIMONY,  ARSENIC,  AND  SULPHDK, 
WHEN    IN    COMBINATION. 

Cast  a  stone  of  the  mineral  into  a  fire;   if  antimony  is 
present  in  practical  quantity,  it  will  fuse  into  a  waxy  slfl 
almost  ininiediately,  whiclu  burning  bluish  green,  vapori«€ 
ofi*  in  coi»i(tus  white  fumes,  or  a  slight  liovvery  odor;  and  if 
rod  of  iron  be  placed  therein,  it  will  obtain  a  white  coat  ti'om 
its  condensed  oxide. 

If  arsenic  is  present,  a  portion  of  it  will  volatilize  at 
slight  advance  of  temperature,  and  the  remainder  at  a  stil 
higher  degree  of  heat,  its  white  oxide  settling  on  the  cold 
iron  as  that  of  antimony;  but  it  does  not  fuse  to  a  slag,  anc 
emits  an  oHeosive  garlic  sthik  that  can  be  easily  recognized*^ 
The  water-washed  ore  of  antimony  has  a  decidedly  ditierent 
appearance  from  those  ores  which  crintain  arsenic.  ^ 

Hulpliur  is  known  by  its  oxide  lieing  less  voluminous  anoS 
more  yellow,    but  more   decidedly    l>y  its   stubborn,   slow 
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departure,  and  protracted,  peculiar,  sulphurous  smell;  au 
extremely  delicate  test  is  that  already  described  for  the 
gypsum  and  baryta  sulphates,  more  parliciilarlt/  on  the  icarmcd 
coin. 

SEPARATE   EXAMINATION    FOR  THE    PRESENTE,  QL'ALITl',  AND    PER- 
CENTAGE,   OF   THE    COMBUSTIBLE    ELEMENTS    OF   COALS. 

A  mineral  that  is  brown  or  black,  and  resembles  coal,  may 
be  placed  in  an  iron  spoon,  crucible,  or  other  suitable  vessel, 
within  a  clear  lire;  if  it  ignites  into  flame,  and,  on  being 
removed  from  the  fire,  it  continues  to  burn  for  some  time,  it 
is  coal,  and  its  quality  may  be  judged  of  from  the  intensity 
and  duration  of  the  combustion,  and  comparative  weight  of 
the  nnconsumed  residue  of  stone,  clinker,  or  ashes;  if  this 
remainder  can  be  blown  out  of  the  spoon  with  a  light,  natu- 
re], outward  breath  from  the  lungs,  it  may  be  safely  pro- 
nounced a  good  commercial  article,  at  least  for  the  kitchen 
or  parlor,  if  not  for  the  steam-engine. 

If  you  have  a  balance  and  a  set  of  decimated  weights,  or 
the  machine  with  its  calculating  balance,  by  first  weighing 
one  hundred  grains  of  coal,  burning  it  thoroughly  and  care- 
Wly  in  the  spoon,  and  weighing  its  incombustible  residue, 
you  will  obtain  by  this  percentage  its  comparative  value  as  a 
foe);  or,  having  an  assaying  ma<*hine*s  calculating  lever,  you 
niay  ignite  in  a  crucible,  placed  in  the  roasting  furnace,  eitlier 
one  or  ten  balancings,  with  the  weight  marked  B  in  the  pan, 
and  read  the  percentage  of  the  residue  under  where  it  lies, 
^hen  balanced  with  either  of  the  weights  nuirked  X  5,  X  4, 
orX3,  by  taking  oft'  one  or  two  figures  from  the  right-hand 
8ide  of  the  columns,  as  the  one  or  ten  weighings  has  been 
^^d  for  the  assay,  as  fully  described  in  the  gold  and  silver 
bullion  and  base  metal  assiiys. 

®E.VERAL  EXAMINATION'  KOK  ALL  OF  THK  TSEFUL  AND  PROFITABLE 
METALLIC  MINERALS,  TO  ASCERTAIN  THEIR  PRESENCE,  AND 
APPROXIMATE    PERCENTAGES   OF    METALS. 

To  illustrate  this  system,  we  will  take  from  a  dried  sample 
of  pulverized  mineral,  jn'opareJ  in  a  stone  or  brass  mortar, 
^described  in  Chapter  III,  Section  111,  which  is  sup[)Oscd  to 
^ntain  any  one  or  the  whole  of  the  minerals  and  metals  of 
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antiinony,  cobalt,  copper,  g^^'d,  iron,  lead,  manganese,  mer 
ciiry,  nickel,  platinum,  silver,  tin,  ami  zinc;  take  tlierofVor 
abont,  or,  if  yuu  have  a  correct  weighing  apparatus  witt 
decimated  weights,  exactly  one  hundred  grains,  which,  ofter 
any  magnetic  iron  ore  that  it  may  contain  has  been  extracte* 
by  a  magnet,  compass  needle,  or  a  magnetized  knife- blud^J 
and  placed  in  a  heap  on  a  clean  plate  for  future  reference,  mm 
be  very  carefully  concentrated  with  water  in  two  or  three  vca 
Bels,  m  fully  described  in  Chapter  III,  SLu-tionlll;  and  thenJ 
after  the  dried  metallic  residue  oF  gold,  platintim,  or  copperj 
has  been  placed  in  separate  heaps  on  the  plate  that  contains  till 
magnetic  iron,  the  remaining  concentrated  minerals  must  be 
collected  into  one  of  the  basins,  the  water  poured  otf,  aud  tho 
residual  dried  at  about  212^,  by  simply  placing  this  basin,  i 
a  lid,  over  a  tea-kettle,  sance-paii,  or  coftee-pot,  that  contain^ 
boiling  water,  until  the  mineral  is  completely  dried*     Ke^i 
sweep  it  with  a  raVdjit's  foot,  rat's  tail,  a  soft  feather, 
caniers-liair  brush,  from  this  vessel  on  to  a  perfectly  dry  an<i 
clean  plate;   scatter  the  particles,  so  as  to  examine  theii 
physical  characters,  and  transfer  them  with  a  forceps  into 
many   separate   heaps,   to   ascertain   their  percentages,    by 
weighing  each  mineral,  and  calciilating  its  ratio  of  metal^ 
if  you  wish,  as  described  in  Cluipter  III,  Section  III,  for  the 
water  assay. 

The  minerals  being  separated  from  magnetic  iron  ore  bj 
the  nuignet,  concentratetl,  dried,  and  each  kind  of  nict-id  and 
mineral  placed  in  separate  heaps  on  a  clean  plate,  may  bfl 
further  recognized  by  the  eye  alone,  or  better  with  u  power-^ 
ful  lens,  as  follows: 

One  portion,  sulphuret  of  antimony,  is  grayish  whitC|| 
having  considendde  metallic,  steel-like  lustre,  and  showal 
irregular,  flaky,  divergent  crystallizations,  which  can  be| 
better  seen,  however,  before  the  stone  is  In-uised, 

Another  contains  lead,  as  galena,  which  is  of  cubical  cryfr*l 
taliization,  more  granular,  straight-iiaced,  and  lead*colorcdjj 
and  less  disposed  to  become  impalpable  nnder  the  pestle. 

These  are  often  mixed  together,  both  mechanically  and 
chemically  — the  former  scpiniiting  by  water — and  may  b< 
farther  examined  ami  approximately  sepamted  by  fire,  tans: 

Roast  a  small  quantity,  say  ten  grains,  or,  if  l)y  ealculatingi 
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balance,  by  B  weight,  in  a  clean  iron  apoon,  over  a  clear  fire, 
or  lamp,  stirring  the  whole  time  with  a  small  rod  of  wood  or 
ii^n,  and  not  exceeding  black  heat  during  the  first  ten 
minutes  of  the  operation. 

If  sulphnret  of  antimony  is  present,  white  fumes  will  arise 
daring  this  period,  even  at  this  heat,  which  will  not  smell  of 
garlic,  although  it  will  coat  the  rim  of  the  8[)Oon  or  a  piece 
of  cold  metal  with  its  white  oxide,  wlien  held  in  the  fumes. 

Next  pulverize  a  small  piece  of  charcoal,  and,  after  adding 
a  half-spoonful  to  the  mineral,  roast  and  stir  for  another  ten 
minates  at  a  heat  not  exceeding  a  low  red;  remove  it  from 
the  fire,  and,  after  it  is  quite  cold,  add  its  weight  of  sugar, 
with  four  times  this  quantity  of  c  irbonate  of  soda,  mix  inti- 
Diately,  and  smelt  this  mixture  at  the  greatest  heat  obtaina- 
ble in  a  common  fire,  the  sample  being  covered  by  a  few 
pieces  of  charcoal,  for  about  twelve  minutes. 

If  lead  is  present,  it  will  be  reduced  to  this  well  known 
nietal;  its  purity  can  be  ascertained  by  its  flattening  to  a  thin 
disk  without  fracturing  the  far-extended  edges,  and  by  its 
toagbness  when  frequently  l)ent  across  its  middle. 

If  still  alloyed  with  antimony,  it  will  break  under  such 
treatment,  and  it  must  be  again  subjected  to  the  moderate 
heat  of  the  lire  for  short  periods  of  about  two  minutes,  until 
it  stands  this  test,  when  it  can  be  weighed  for  metallic  lead; 
and,  by  deducting  this  weight  from  the  original  weight  of  ore, 
the  quantity  of  sulphnret  of  antimony  remains,  which,  being 
mnltiplied  l)y  73,  and  divided  by  100,  will  give  the  quantity 
of  metallic  antimony  contained  in  the  ore.  Antimony  sul- 
phnret can  be  fused  in  the  natural  flame  of  a  candle  or  lamp 
to  a  black  slag,  whilst  galena  is  thus  infusible. 

If  one  only  of  these  minerals  is  present,  it  need  not  be 
smelted,  but  can  be  weighed  as  a  mineral,  and  calculated  for 
metallic  antimony  as  above,  or  for  lead  from  its  sulphnret,  l)y 
multiplying  it  by  86.55,  and  diving  it  by  100. 

It  seldom  occurs  that  the  (white  to  yellow  and  brown)  car- 
bonate of  lead  (specific  gravity,  0.47)  accompanies  the  sul- 
pharets  of  these  minerals;  but,  when  it  does,  it  may  be  dis- 
tinctly seen  on  the  top  of  the  (somewhat  similar  specific 
giavitiea)  lead  and  antimony,  which  may  be  known  by  its 
color;  an^.  this  must  be  entirely  passed  away  before  the  lead- 
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colnrod  residues  of  Halphuret  of  lead  and  niitimony  ores  ar 
separated  Ijv  tire,  an  above,  as  notliiiig  but  gray  sulphuret 
ttbould  be  present. 

Tbe  fourth  pile  is  a  blue,  and,  if  in  quantity,  will  mc 
probably  be  tbi*  blue  earboiuite  of  eopper.     It  may,  IioweverJ 
be  some  of  tbe  other  very  rai"e  minerali^  tound  in  small  ^uau^ 
titles,  that  alHo  exhibit  this  color,  and  must  be  tested  fol 
copper,  as  will  be  explained  anon. 

The  tiftb  pile  is  green,  and  is  most  likely  to  be  (partica- 
larly  when  it  is  generally  disseminated  through  a  ledge  above 
the  water-line)  either  the  green  earbonate  or  silicate  of  cop- 
per; the  former  may  be  diistinguished  from  the  latter  by  its 
friability,  wax-like  green,  smoothnesB  under  the  pestle,  and 
by  effervescing  fnriousiy  and  eomplctely  dissolving  in  nitric 
aeid;  the  hittrr  has  a  less  waxy,  paler  green,  and  more  flinty 
surfiioe,  is  peLidiarly  barsh  under  tlie  pestle,  partially  dis- 
solves in  this  aeid,  leaving  a  residue  of  quartz* 

As  some  other  rare  minerals  are  green,  for  absolute  eer- 
tainty  these  must  be  also  more  espeeially  tested  Ibr  copper. 

Tlie  sixth  pile  is  composed  of  one  or  more  of  the  ores  tliat 
vary  from  a  metallie-hislred  steebgray  to  a  doll  and  some-i 
what  earthy  dark  gray  to  black,  and  may  be  a  gray  snlphuret  ™ 
of  copper;  an  argentiferous  copper;  an  argentiferous,  anti- 
nionial  cop^per;  a  ferruginous,  antimonial,  argentiferous  cop- 
per; an  antimonial  sulphuret  of  silver;  the  arsenical  sul- 
phuret  of  silver;  tlie  gray  sulplmret  of  silver;  the  black, 
sulpburet  of  silver;  or  the  black  oxide  of  copper. 

The  seventli  pile  is  from  red  to  reddish  brown;  as  tliej 
EJ'senieal  cobalt  (cobalt  ochre);  arsenical  nickel  (copper 
nickel);  the  red  oxide  of  copper  (the  oxide  of  iron  will  havel 
passed  away  in  mechanical  susjiension,  as  thick  red  water); 
snlphuret  of  mercury  (cinnabar)  wliieh  bruises  to  carmine  red; 
and  the  light  and  dark  red  silver  ores  {rub}-  silver);  and  the 
snlphuret  of  zinc,  which  bruises  and  scratches  red. 

The  eighth  pile,  which  was  taken  from,  or  near  to,  the' 
heavy  head  of  tlie  wusliings,  will  vary  in  color  and  appeui*ance 
from  the  lightest  to  the  darkest  resin;  as  some  of  the  iin^n 
ores;  tin  oxide  (its  only  profitable  ore),  wluch  passes  through 
all  tlic  shades  of  tbis  well   known  substance;  tungstate  of  j 
iron  (or  wolfram),  its  most  persistent  bnt  w^oithless  com- 
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paniou,  which  closely  re^^embles  tlie  dark  specimens  of  tin 
©re;  its  specific  gravity  is  too  similar  for  separation  by  water, 
nor  can  it  be  expelled  by  previous  roasting  and  oxidation;  so 
that  the  oxide  of  iron  may  pass  away  as  an  impalpable 
powder  meelianieally  suspended  in  the  water,  in  the  manner 
of  the  other  ores  of  iron ;  but  must  be  separated,  after  all  the 
other  minerals  have  l>een  expelled,  by  acid  treatment,  as  the 
last  operation. 

Apart  from  crystallization  and  specific  gravity,  garnet 
closely  resembled  tin  stone,  in  many  way^,  as  do  some 
of  the  irons,  manganese^  and  one  variety  of  honihlende;  but, 
excepting  this  single  and  very  rare  instance,  tin  can  be  recog- 
nized and  isolated  from  the  others,  by  roasting  and  water 
treatments,  in  a  few  minutes.  In  the  pulverized  condition, 
the  garnet  {which  it  most  reseniblcs)  had  passed  entirely 
away  with  the  hornblende  in  the  water;  the  manganese  occu- 
pied a  lower  position;  and  the  other  iron  ores  may  he  oxid- 
ised by  roasting,  re-pulverized,  and  passed  away,  by  a  repe- 
tition of  the  water  process,  when  the  redness  of  the  water 
fi-oni  the  oxidized  mineral  w^ill  indicate  the  presence  of  iron 
oxide. 

The  ninth  pile  will  he  those  earthy  metallic  minerals, 
without  any  resinous  or  metallic  lustre,  which  vary  from 
white,  through  all  the  shades  of  greenish  yclh»w,  to  rusty 
brown;  such  as  the  oxide  of  lead,  carbonate  of  lead,  carhon- 
ute  of  iron,  carbonate  and  silicate  of  zinc. 

The  first  and  second  may  be  reduced  with  carhonate  of 
soda,  in  the  iron  spoon,  or  on  a  piece  of  charcoal  placed  in 
the  fire^  the  third  changes  color  in  a  hot  fire,  and  after  some 
time  becomes  magnetic;  the  fourth,  being  a  carbonate,  cftei- 
vesces,  and  is  completely  dissolved  in  muriatic  acid;  the  fifth 
does  not  effervesce,  but  is  partially  dissolved,  leaving  a  white 
quartz  residue;  and  both  of  the  last  exhibit  white  fumes,, 
when  placed  in  a  hot  fire,  that  settle  on  iron  or  ch  ircoal, 
which  arc  jellow  when  hot,  and  white  when  cokh 

The  tenth,  eleventh  and  twelfth  piles  may  receive  any 
tnttah  that  are  present,  as  gold^  platinum,  copper,  etc. ; 
which,  if  the  rock  was  pulverized  in  a  stoue  mortar,  may  be 
known  by  their  colors,  as  iron  would  not  be  present. 

The  thirteenth  may  receive  such  as  vary  in  color  from  a 
11 
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strong  metallie-l lis. trod  wLite  to  a  ^hiiilarly  Liiglit  yellow, 
wliicli  will  coiitniii,  wlieii  hi  (|iuii)tity,  the  arscniiiret  or  sul- 
phiiret  of  iron,  wliir]],  un  being  warruecl  to  redness,  will 
evolve  tlie  garlle  smell  of  arsenic,  or  that  of  sulphnr,  and  the 
residue  will  heeonie  mngnetie  after  sufficient  roastiiii^. 

The  chloride  of  silver,  when  in  minntc  division  ami  smitll 
quantity,  will  niOBtly  pass  away ;  hut,  should  it  remain,  it  can 
he  tested  liy  nibbing  a  h right  cop[ter  cartridge  thereon;  if 
cliloride  orehlorodjromide  of  silver,  it  will  whiten  the  copper 
with  a  silver  eoating,  which  can  Ite  applied,*  also,  to  the 
iinpulverized  cliloride  faces  of  the  stone.  Graphite  will  also 
whiten  copper  nr  gold :  but  this  ore  is  so  ditferent  iii  color, 
having  a  bright,  steel-like  appearance,  that  it  can  scarcely 
occasion  error. 

In  all  eases,  the  lighter  gangne  minerals  will  have  passed 
awav  in  the  water,  and  it  will  seldom  occur  that  more  than 
two  or  three  of  the  metallic  minerals  will  be  present  together, 
and  they  so  ditferent  to  each  other,  or  you  will  he  indiflerent 
to  some  of  them,  that  they  need  not  interfere  with  the  more 
straight-forward  examinatious,  for  sucli  as  will  practically 
concern  you.  M 

There  is  no  very  sate  common-place  test  for  silver,  when  it  ■ 
is  in  small  or  even  paying  quantities,  as  will  be  very  plainly 
seen  from  the  fact  that  oue'tiiousandth  part,  or  two  pounds, 
scattered  tliroughout  a  ton,  will  equal  $37.70  in  value. 

It  (K'enrs,  too,  in  so  mauy  mineralized  forms,  that  the  best 
judges,  without  an  actual  assay,  are  olten  puzzled  to  even 
approximate  its  value.  If  you  have  some  chemically  pure 
nitric  acid,  you  can  test  silv^er,  wdien  in  paying  quantities,  as 
follows: 

Take  aliout  one  hundred  grains  of  the  pulverized  ore, 
which  mix  with  its  volume  of  powdered  charcoal,  and  roast 
during  cfuitiuual  stirring  with  an  iron  or  brass  wire,  for  fifteen 
minutes,  at  a  low  red  heat,  iiiitil  the  charcoal  is  all  burnt,  so 
as  to  decompose  any  silver  chloride  that  ma}^  lie  present 
{wdiich  is  insoluble  in  all  acids);  remove  tlie  roasted  ore  to 
a  tea-cup,  and  pour  about  twice  its  volume  of  cliemically  pure 
nitric  acid  tbereou,  and  w^arai  over  a  coffee-pot  of  boiling 
water,  for  some  twenty -iive  or  tliirty  minutes,  Kemove  it 
from  this  position,  and  after  it  is  quite  cold,  well  settleti,  and 
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clear,  you  ean  test  thi^  solution  for  silver  by  pouring  a  few 
drop8  of  salt  water  tlierein,  which  renders  it  milky,  or  pre- 
cipitates a  white  ehloride;  as,  aUo,  by  dipping  a  Brnall  ^trip 
of  t?t>pper,  cut  from  a  ritle  cartridge,  in  the  ortgimd  sohitiou; 
if  silver  h  present,  this  t'(*p[>er  will  be  sil  ver-eoated  therewith. 
This  roa.^ting  is  imperative  in  nil  instnneefri,  as,  even  when 
the  silver  ore  is  in  a  soluble  form,  salt,  or  some  soluble 
t^liloride,  may  be  present  in  the  vein,  wlnelu  by  immedititely 
precipitating  the  silver  from  the  solution  to  an  insoluble  chlo- 
ride, unless  the  sample  was  richj  would  falsify  the  result  from 
tliis  or  any  other  acid  test. 

The  double  trtatment  of  silver  ores  by  ammonia  and  nitric 
acid  is  too  eliemical  and  delicate  for  your  pnr[ioscs. 

Copper  can  be  very  conveniently  precipitated,  known  by 
its  color,  from  a  similarly  treated  sample,  on  iron,  steel,  or 
zinc;  a  clean,  bright  knife-ldade  being  a  ready  and  extremely 
dtHcate  test,  which  nmst,  of  course,  he  ajiplied  before  the 
coppop  test  is  inserted  for  silver,  as  it  is  partially  tlisstdvod  in 
the  solution,  and  would  show  a  false  copper  coat. 

This  method  of  w^ater  concentration  is  not  directly  valuable 
for  silver  ores;  but  it  is  utditretb/  useful,  as  it  exposes  the 
presence  of  such  as  are  most  likely  to  contain  it,  and  the 
kinds  of  the  ores  tliat  more  pailienlarly  require  an  especial 
assay  for  silver,  by  crucible,  scoritier,  or  machine. 

The  silver  oree  named  in  the  sixth  and  seventh  lists,  when 
tliey  are  dark,  or  cut  freely,  as  wel!  as  the  ehloride,  lead^  and 
zinc  ores,  are  ahvays  worthy  of  an  actual  assay  for  silver. 
The  fat'ts  that  all  of  the  ores  of  silver  worked  by  miners  are 
Comparatively  soft,  varying  from  about  1  to  3  in  the  scale 
(quartz  being  7,  and  eomuion  salt  2),  should  be  remembered, 
Its  well  as  their  not  being  of  a  very  pale  metallic  lustre,  as  it 
Vill  guide  you  to  such  which  shonld  have  a  more  especial 
test  or  assay,  and  away  from  the  minerals  having  a  pale 
metallic  lustre,  wlTu-h  are  not  silver  ores. 

This  water  treatnient  is  tlioroughly  reliable  for  the  agsay 
of  gold,  platinimi,  metallic  copper,  and  tin,  when  w^orked  as 
described;  as  well  as  for  all  the  others,  as  the  ores  of  lead, 
antimony,  copper,  manganese,  zinc,  etc.,  from  established 
mines  of  such,  wdien  free  from  confnsed  mixtures. 

For  the  actual  assay  of  either  of  these  by  water,  a  quantity. 
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varying  from  10  to  1000  grains,  niiiy  be  taken,  and  the  rosid^ 
ual  of  riiinurul  calculated  from  tlie  rule  luid  down  in  Chapter' 
ni,  Section  III»  on  Wutcr  Treatnicutj  and  in  the  rcBpective 
cliapters  concerning  the  assays  of  each  metal  and  mineraL      M 

A  most  important  part  of  tljis  system  of  examination  is 
that  of  comparison  for  speciiic  gravity,  which  may  be  just 
now  sufficiently  illustrated  by  two  examples;  the  tir*st  being  ■ 
that  of  yellow  mica,  which,  when  much  flattened,  resembles 
gold  leaf,     If  ill  doolit,  you  may  be  rcnilercd  more  positive 
by  tlimwing  some  fine  flattened  gold  in  the  test,  wheii»  on  the  ■ 
repetition  of  the  action  of  water,  it  will  be  seen  that  the  gold 
(of  specific  gravity  tliat  varies  from  14  to  20,  as  it  is  n)ore  or 
less  alloyed),  w^ill  take  a  concentrated  u]>[jer  position;  whilst 
the  mica  {of  a  specific  gravity  of  but  2.9)  will  scatter  aud 
oscillate  more  freely  in  the  current  of  water,  and  settle  at  the  ■ 
lower  end,  or  pass  away  over  the  margin  as  yon  may  desire,     1 

The  second  may  be  platinum  (of  from  16  to  19  si»eeific 
gravity),  or  a  sample  of  graphite  (of  2.1  specific  gravity),  and 
the  only  lostrous  wliite  substance  present;  now  this,  as  well 
as  one  kind  of  mica  (tlie  two-axed  mica),  are,  like  phitiiiuTu  I 
and  gold,  insoluble  in  any  one  acid;  and  graphite  furtlier 
resembles  platinum  by  heiug  a!so  infusible  in  the  ordinary 
blow-pipe  flames;  so  that  the  acid  test  is  inapplieahle,  and 
this  is  at  hand  to  separate  and  distinguish  by  greater  stability  J 
or  fioatahility  in  w^ater,  in  the  numner  descrilied.  ■ 

These  are  extreme  cases  to  show^  the  means  by  which  the 
ordinary  pulverized  samples  of  iron  ] pyrites  or  yellow  copper  ■ 
may  he  sprinkled  in  the  former;  or  galena,  or  eulphuret  of 
antimony,  in  the  latter;  or  any  other  minerals  that  yon  would 
test  by  specific  gravities,  by  using  the  one  as  a  comparisoa 
for  tlie  other,  as  tin  oxide  (of  about  7}  against  manganese 
oxide  (of  about  4),  etc.,  etc,^  being  of  similar  colors,  or  some 
other  close  resemblance  that  requires  additional  collateral 
evidence. 

Two  other  impoiiaut  advantages  arising  from  this  prelimi- 
nary water  treatment,  and  which  should  be  now  nR'Utioued, 
are:  First,  that  the  gangues  having  been  all  separated  and  ■ 
passed  away,  the  confusions  that  would  otherwise  arise  from 
their  occasional  interterence  with  the  metallic  minerals'  reac- 
tions, or  by  their  excessive  annulling  quantity,  can  no  longer 


metallurgists'  companion.  165 

prevent  the  most  direct  tests  being  made.  Secondly,  that  of 
parting  the  metallic  minerals  in  heaps  affords  another  means 
of  examining,  from  the  exposition  of  certain  peculiar  phj'si- 
cal  characteristics,  which  in  some  instances  greatly  assist  the 
amateur  in  seeing  which  of  the  two  or  more  metallic  min- 
erals  are  present,  that  give  reactions  that  are  too  similar,  by 
other  means;  as  those  of  lead  and  bismuth,  which  deposit 
their  yellow  oxides  on  charcoal,  both  hot  and  cold,  but 
whose  metals  and  minerals  are  so  distinctly  different  in 
appearance,  that  j^ou  may  see  at  a  glance  which  is  present  by 
re-observing  the  washed  sample  from  whence  it  was  taken  ; 
or,  if  a  small  quantity  of  lead  ore  is  with  that  of  zinc,  it  will 
show  itself,  and  prevent  your  being  deceived,  by  the  over- 
covering  of  yellow  oxide  of  lead  on  what  would  otherwise  be 
changed,  on  cooling  from  yellow  to  the  white  of  zinc,  when 
alone;  as  also  when  tin  and  zinc  are  in  company;  or  anti- 
mony and  tin,  etc.,  etc.,  which  are  all  so  decidedly  different 
in  their  mineral  states,  although  similar  in  others,  that  they 
afford  much  more  information  on  the  subject  than  you  can 
obtain  from  sources  that  are  either  beyond  your  knowledge 
or  the  facilities  of  your  camp. 

Copper  may  be  detected,  in  all  of  its  combinations,  in  a 
very  simple  manner,  by  precipitating  it,  on  iron  or  zinc,  from 
its  acid  solutions,  as  described  in  the  wet  test  for  silver;  or  it 
ii^ay  be  moistened  into  a  paste  with  hydro-chloric  acid,  and 
thrown  into  a  tire,  when,  if  copper  is  present,  even  in  very 
small  quantity,  after  the  first  intense  blue  flame,  caused  from 
tlie  chlorine,  has  disappeared,  the  characteristic  and  beautiful 
green  flame  of  copper  will  follow.  If  you  have  no  acid,  take 
Either  of  the  pulverized  samples  supposed  to  contain  copper, 
^D'l  intimately  mix  it  with  its  bulk  of  dry  salt,  and  after 
l^neading  it  into  a  ball  with  candle-grease,  lard,  mutton,  beef, 
Of  any  other  fat,  moistened  with  a  few  drops  of  water  which 
^i^sbeen  made  as  salt  as  possible,  it  may  be  cast  into  a  bright 
fire,  when  the  chancteristic  colors,  first  blue  and  then  green, 
of  copper,  will  also  appear.  Some  of  the  copper  ores  will 
show  the  green  flame  by  fire  alone.  This  is  best  accom- 
plished in  the  night,  as  the  colors  are  much  more  distinct. 

IT  copper  is  present  in  the  dark  gray  ores,  it  does  not  follow 
that  silver  is  absent,  as  some  of  such  carry  copper  and  other 
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111  G  ink  111  their  c  oust  i  tut  ion^,  and  they  should  he  tested  —  or  J 
more  properly,  assay od  — for  silver. 

It  will  be  seeti  that  the  seventh  pile  shoiihl  also  be  teBtedl 
for  I'opjper,  which  ean  he  done  very  easily,  as  both  the  black] 
and  red  oxides  give  these  tlames  most  readily.     It  may  also 
contain  cobalt,  nickel,  iron,  mercury,  tlie  red  silver  ores,  and 
sulphuret  of  zinc,  which  bruises  to  dark  red.  M 

Cobalt  may  be  known  by  being  intimately  mixed  ami  fused  ■ 
with  borax    m   an  iron  spoouj  which  produces  an  intense 
blue  glass,  that  ciui  be  best  examined  by  a  lens,  after  pul- 
verization. 

Nickel  produces,  with  bnraXj  in  the  same  manner,  a  reddish 
brown  glass:  but,  as  manganese  gives  un  amethyst  and  pur- 
ple glass,  it  may  he  mistaken;  so  that  tliis  sample  should  be 
similarly  treated  with  carbonate  of  soda  in  a  clean  iron  spoon, 
when,  if  manganese  gave  the  amethyst  or  purple,  it  would 
also  show  its  very  characteristic  bluish  green  glass  with  car* 
ho!iate  of  soda. 

The  colored  flux  tests  must  be  perfonricd  in  a  liot,  <dear, 
and  open  fire,  so  that  complete  fusion  may  he  produced  iu  a 
free  current  of  air. 

Iron  has  Ijccu  already  explained  ;  Imt  auother  means  may 
be  aijplied,  in  the  absence  t»f  a  niagiiet  or  cliemicals:  Roast 
and  stir  for  an  liour,  at  a  red  licat,  witli  powdered  charcoal, 
or  two  hours  without  it,  in  an  open  vessel,  and  increase  the 
heat  towards  the  end;  and,  if  eonvcniejit,  allow  it  to  gradu- ■ 
ally  cool  down  with  the  tire  itself,  over  niglit.  Place  this 
well  roasted  ore  in  an  open  saucer,  sprinkle  it  with  isalt,  and 
just  cover  it  with  water;  if  iron  is  present,  it  will  rapidly 
oxidize,  and,  in  a  day  or  two,  rusty  water  will  indieaie  Ha 
presence. 

Copper  ores  may  be  tested  without  the  Bait,  in  a  similar 
maimer,  by  strong  vinegar,  when,  if  the  ore  contains  copper, 
it  will  become,  in  a  day  or  twcu  from  blue  to  green. 

Mercury  can  be  examined  by  placing  an  equal  quantity  of 
carbtrnate  of  soda  and  the  pulverized  ore  in  a  thin  oil  ftnsk, 
and  applying  the  tlame  of  a  lamp  underneath,  when,  if  mer- 
cury is  present,  it  will  be  re<luced  by  the  carbonate  of  soda^ 
and  sublimed  to  the  ui»per  [uirt  of  the  tiask,  where  it  will 
again  cool,  and  settle  in  minute  metallic  globules,  that  csan 
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be  scraped  together  by  a  bent  iron  wire  or  other  smooth  rod, 
for  better  examination. 

It  may  be  also  thus  performed  in  an  old  gun  or  pistol- 
barrel,  or  even  a  clay  smoking-pipe,  by  stopping  its  mouth, 
and  firing  up  and  driving  out  the  fumes  that  may  be  caught 
without  the  pipes,  on  a  cold  metallic  substance  ;  or,  by  insert 
ing  a  gold  coin  in  the  metallic  fumes  when  it  is  treated  with 
carbonate  of  soda,  it  will  be  amalgamated  thereby,  and  may 
be  known  by  its  mercurial  brightness  after  it  has  been  rub- 
bed, as  the  oxides  from  the  other  volatile  minerals  would  be 
thus  rubbed  off. 

The  ruby  silver  should  be  tested  in  a  recess,  on  a 
piece  of  charcoal,  with  its  bulk  of  borax,  in  a  hot  fire,  for 
some  ten  minutes,  and  then  removed  and  examined  for 
metal.  None  of  the  others  would  produce  metal  in  this 
manner. 

Zinc  may  be  also  tested  on  a  piece  of  coal,  which  would,  if 
placed  in  an  open  fire,  oxidize  this  mineral,  and,  on  removing 
the  charcoal  from  the  fire,  it  will  be  seen  that  the  hoi  oxide 
of  zinc  is  yellow,  and  the  cold  oxide  is  white,  when  lead  is 
absent,  which  will  be  very  certainly  known  by  this  method. 

Tin,  after  it  has  been  roasted,  can  be  examined  most 
readily  by  water,  as  nothing  is  ever  associated  with  it  that 
cannot  be  most  easily  separated,  from  diflference  of  specific 
gravity,  by  roasting,  pulverizing,  and  re-washing;  excepting 
only  the  rare  tungstate  of  iron  (wolfram),  when  the  concen- 
trated sample  must  be  washed  with  hydro-chloric  or  nitro- 
hyilro-chloric  acid,  instead  of  water  (which  has  no  efllect  on 
tin  oxide),  as  a  last  operation,  8o  as  to  dissolve  and  remove 
this  impurity.  It  is  a  singular  fact  that  the  sulphurets  of  lead 
and  antimony  are  not  found  in  the  profitable  tin  v^eins,  at 
least  in  quantities  suffi,^ient  to  interfere  with  the  concentra- 
tion of  tin  ores;  which  is  mo'^t  fortunate,  as  the  galena 
would,  by  its  too  similar  specific  gravity,  accompany  the 
oxide  of  tin  throughout  all  stages  of  water  treatment,  and 
both  it  an  I  the  Hulpluuvt  of  autiui  ony  would  so  clog  the  fur- 
Hice  in  the  roasting,  by  their  fusibility,  that  acid  treatment 
would  have  to  b:j  resorted  to  for  coini)leting  the  process,  as 
IS  sometimes  the  case  with  wolfram,  which  can  be  also  used 
for  its  assay;   although  the  antimony  can  be  expelled  by 
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water,  tiiirl  tlie  briglit  lead  extracted  from  the  dry,  rcsin-li 
thi,  with  the  forceps. 

Tin  oxide  is  most  characteristic  for  its  iiDtorioualy  persist- 
ent resititanee  to  any  alteration,  either  from  unfliixed  red 
roasting,  water,  or  even  acid  washings ;  as  well  as  for  having 
a  resin -like  appcuranee,  that  varies  from  ereara  color  to 
brown  blacky  which  has  a  peculiar  rough  feel  nnder  the 
finger  and  peslle.  Garnet  (so  plentifn!  in  this  conntrv)  resem- 
bles it  closely  in  all  of  these,  excepting  only  that  of  spccitic 
gravity,  which  is  most  avaihible,  as  it  being  but  about  4 
against  tin  oxide  of  7,  by  placing  any  bright  mineral,  from 
about  5  up^vards  in  its  company  on  the  concentt'ator,  gnruet 
can  be  passed  over  the  margin,  and  its  want  of  gravity  nriay 
be  thus,  by  comparison,  exposed,  which  ig  in  itself  a  goi>d 
test  for  tin.  Garnet,  too,  may  be  so  easily  obtained  in  a  cryg- 
tallized  *<tate,  free  from  other  substances,  that  its  Bpeeific 
gmvity  (which  is  obtained  by  dividing  its  weight  in  the  air 
by  tlie  ditference  of  its  weight  in  air  and  its  weight  in  water)  • 
will  inform  you  that  it  is  not  tin.  Tin  in  the  stone  decrepi- 
tates j  and  garnet  does  not. 

For  example,  a  stone  that  was  suftposed  to  be  tin  weighs 
in  air  80,4  grains  {or  ounces,  etc.),  which,  when  suspended 
ander  the  scale  pan  by  a  very  light  thread,  and  a  basin  of 
water  is  elevated  from  heneath,  so  that  the  stone  shall  be 
just  covered  by  water,  it  tlien  weighs  60.3;  now,  the  differ- 
ence of  these  weights  is  20.1,  and  ^;^==4  ;  so  that  the  speeifio 
gravity  is  insutficient  for  tin:  it  may  be  garnet. 

These  facts  evin<'e  that  if  any  resin-like  and  heavy  pul- 
verised ore,  after  having  bee!i  roasted  and  re-pulverized,  still  , 
resists  this  water  treatment,  it  must  be  the  oxide  <if  tin,  or 
the  tungstatc  of  iron,  or  both  together,  which  hydro-chlorie 
arid  will  further  prove  by  dissolving  the  latter  only. 

Tin  crystallizes  in  square  prisms,  or  octahedrons,  whilst 
crarnet  fornis  the  dodecahednju  and  its  modifications. 

For  the  assay  of  tin  by  water,  weigh  a  hundred  grains  (or 
parts),  dry,  concentrate,  and  weigh  this  residue,  and  multiply 
it  by  78,4,  and  rlivide  by  100  (by  removing  the  decimal  point 
two  figures  to  tlie  k*ft),  for  the  actual  (juantity  of  |)ure  metal- 
lic tin;  or,  wliieh  is  the  same  thing,  and  more  simple,  mov^e 
it  in  the  multiplier  thus:  ,784  from  78.4*     For  general  ave- 
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p!Snni!!fltng  rcturui?,  inuUiplyiiig  the  weight  of  the  roi^idue 
.by  J2  will  he  nearer  the  rcali/.ed  quantity. 

The  gold,  platiunm,  and  copper  assays  are  fully  dcseribed 
lift  their  respective  chapters, 

Thtft  «y8tem  is  much  enhanced  for  practical  value  from  the 
fiict'^  of  itH  being  a  comparative  measure  for  the  v»"aste  occa- 
sioned by  water,  on  the  large  scale;  and,  for  the  gold  assay, 
it  is  a  reliable  test  of  what  can  be  obtained  by  amalgama- 
tion, without  roasting. 

I    It  will  bo  most  interesting  to  notice  those  natural  and 
«?xtensive  parallels  to  these  artificial  methods  tor  the  concen- 
tration and  collection  of  gold  and  tin  for  assay;  as  seen  in 
the  heavy  water-worn  washings  from  the  alluvial ly  formed 
gold  and  tin  deposits  of  the  world.     The  gold  Helds  of  Cali- 
tibrnia,  that  lie  over  the  western  declivities  of  the  Sierm 
[Nevada,  may  bo  taken  as  an  example  to  show*  the  general 
|»rinciple  on  which  all  others  have  been  formed  and  washed 
Ruto  position;  as  every  illustration  can  be  seen  here  of  all 
|iaeh  formations.     This  extensive,  much  distorted  and  corru- 
iited  frontage  was  once  entirely  eubmerged  by  the  Pacitic 
>c<*an.  and  subsequently  invaded  and  uplifted  in  a  somewhat 
jrregolar  manner  by  various  intermittent  heaven  of  certain 
>rtians  of  the  whole,  by  the   powers  created   by  nearer 
Ippmach  of  subterranean  fusion. 

Now,  w^e  will  suppose  that  the  first  upward  motions  were 
tnUrmiftent,  and  that  a  few  hundred  feet  only  of  general 
elevation  of  the  country  w^as  etiected  at  a  time,  whilst  great 
•  --*  *-  .rw  of  elevation  would  occur  at  some  places  as  eom- 
>\ih  others;  and  that,  during  this  period  of  uplift,  the 
M  had  been  formed,  as  suggested  in  Section  I,  CTiapter  VI, 
tlier  manner.  During  the  long  porindH  of  coin- 
l>ilitv  of  the  country,  the  rivers  flowinir  from  the 
gnmnds  would,  by  disintegrating  the  various  stmta, 
tu»h  tho  nuggets  of  gold  thoroughly  clean,  and  which,  being 
inch  hiiavier  than  all  the  otiicr  debris,  they  w^ould  he  con- 
iifilmtodf  and  remain  in  the  hollows  and  bends  of  the  rivers 
^ntil  this  valuable  and  much  coveted  metal  is  found  by  man. 
fhtUi  this  dislutcgration  and  concentration  was  being 
l^d  by  rains,  rivulets,  and  rivers,  another  not  hwffni/lefmt 
WM  being  accomplished  by  the  powerful  wash  of  the 
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ocean  on  the  ancient,  but  now  elevated  shore,  as  the  break- 
ing waves  from  innumerable  gales  expended  their  gigantic 
strength  on  the  crumbling  strata,  released  and  separated  the 
gold,  and  formed  the  boulders,  pebbles,  and  sands,  that  indi- 
cate, by  such  action,  its  probable  presence. 

Another  uplift  would  form  a  second  line,  and  consequent 
disintegration,  and  auriferous,  pebbled  shore  ;  as  would  a 
third  and  fourth,  etc. ;  and,  lastly,  that  of  the  present  hour, 
as  the  beach  at  Gold  Bluffs. 

The  rivers  that  ran  in  descending ^  transverse  courses  towards 
these  now  terraced  beaches,  and  the  ocean,  would  be  much 
less  liable,  thaii  such  which  were  governed  bg  height^  to  mate- 
rially change  their  courses  or  positions^  unless  compelled  to 
do  so  by  suddenly  formed  intrusive  igneous  overflowings, 
which  doubtless  sometimes  prevailed.* 

All  of  these  ancient  beaches  and  rivers  must  have  been,  at 
a  subsequent  period,  again  submerged  by  the  ocean  for  a 
very  long  time,  and  then  more  regularly  elevated;  for  the 
whole  labyrinth  is  now  covered  with  varying,  and  in  some 
places  great  depths  of  alluvium,  that  could  not  have  been 
formed  in  any  other  manner. 

Too  much  has  been  credited  to  river  bottoms^  and  crossings  of  the 
one  over  the  other ^  with  intervening  alluvions;  and  too  little  to  the 
more  natural  water -ivashed  and  weather -beatai  sinuous  shore, 
across  which  the  rivers  flowed  Into  the  ocean. 

Transverse  teiTaces  of  such  exist  in  parts  of  the  State 
where  no  present  or  past  noteworthy  river  beds  exist. 

The  gradual  flowing  or  ebbing  of  ocean  watoi-s  will  also 
distril)ute  gold  or  tin  stone  over  the  whole  surface  of  a 
country,  and  leave  those  unmistakable  evidences  of  such 
works  in  the  shape  of  innumerable  boulders  and  pebbles, 
amidst  the  auriferous  and  stanniferous  sands. 


♦  If  the  uplifting  power  should  again  elevate  the  slope  of  the  Sierra  Nevada, 
even  to  the  ocean,  the  Sacramento  Kiver  would  still  How  through  the  '*  Golden 
Gate,*'  or  present  river's  mouth,  in  its  prolonged  course  to  the  new  embouchure 
into  ocean  :  but  the  Seal  Rocks,  and  serpentine  beaches  on  either  side,  would 
be  elevated  to  high  and  dry  occular  demonstrations  of  such  change  of  level, 
wbieb  would  not  be  seen  so  clearly  if  again  "buried  by  alluvium. 
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CHAPTER    VI. 


AX  ALPHABETICALLY  ARRANGED  RECORD  OF  THE  EFFECTS  PRO- 
DUCED BY  WATER  AND  FIRE,  SOMETIMES  FURTHER  ASSISTED 
BY  WATER  AND  CHEMICAL  RE-AGENTS,  ON  THE  MINERALS, 
AND  SUCH  OF  THEIR  COMPOUNDS  AS  WILL  BE  PRACTICALLY 
USEFUL  AND  PROFITABLE  TO  THE  EXPLORER,  MINER,  AND 
METALLURGIST. 

In  the  discrimination  of  the  minerals,  it  is  sometimes  very 
important  to  ascertain,  by  comparison,  their  hardness;  and 
the  following  list  of  ordinary  and  well  known  materials  were 
fir8t  suggested  by  Mr.  Chapman  as  a  scale  of  hardness  which 
will  be  found  most  convenient  for  your  purpose. 

1.  Yields  easibj  to  the  nail. 

2.  Yields  wUh  difficulty  to  the  nail,  or  merely  receives  an 
impression  from  it.     Does  not  scratch  copper. 

3.  Scratches  copper ;  and,  being  equally  hard^  is  scratched 

^U  it. 

4.  Not  scratched  by  copper ;  does  not  scratch  glass. 

5.  Scratches  glass  with  difficulty ^  leaving  its  j)owdei*  on  it. 
Yields  readily  to  the  knife. 

6.  Scratches  glass  easily.    Yields  with  difficulty  to  the  knife. 

7.  Does  not  yield  to  the  knife.  Yields  with  difficulty  to  the 
edge  of  a  file. 

8.  9,  10.  Harder  than  flint. 

The  specific  gravity  is  also  very  efteotive  for  discrimina- 
tions of  solid  and  homogeneous  minerals,  that  are  otherwise 
most  similar  in  color,  texture,  etc. ;  and  it  may  be  ascertained 
as  follows :  Take  a  piece  of  small  but  strong  thread,  about  two 
feet  long,  which  place  in  one  scale  pan,  and  balance  the  lever 
thereto,  by  putting  small  pieces  of  matches  or  other  light 
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substau«:e  in  the  otlier  pan.     AVeigh  the  stone  to  be  test 
which  we  will  call  2,25  ounces;    next  take  the  stone,  atii^ 
fasten  it  by  a  suitably  knotted  loop  to  the  middle  of  the  pre^ 
viously  l>alauced  tliread,  and  suspend  it  beneath  the  same 
scale  pan  from  which  the  thread  was  taken,  by  knotting  itj 
over  the  top  of  the  pan;  and  ai'ter  jr-wcufhafff  iho  stone,  tcfl 
Bee  that  no  difterenee  has  been  caused  by  jostling,  etc»,  raise 
a  basin  or  glass,  that  has  been  nearly  filled  with  water,  until 
the  t^touc  is  iost  completely  immersed  in  this  water;  after 
particubirly  ensuring  yourself  that  all  the  air  globules  bavM 
left  the  stunc,  place  in  this  {mn  suflieient  weights  to  return 
the  scale  beam  to  balance  as  lielbre,  l>eing  careful  to  notice^ 
that  the  stone  is  still  slightly  submerged.     Now,  supposing 
that  ,72  had  been  required  to  thus  re-produce  the  bahmce, 
the  specific  gravitj^  of  the  stone  would  be  found  by  merely 
dividing  the  km/tr  real  weight  of  2.25  in  the  one  pan  by  the 
simdler  re-balavciffg  weight  of  .72  in  the  other  pan;    or  the 
(/reaiar  divided  %  ike  lesser:  ^;f5  =  3.125  the  required  s^pecificm 
gradUj;  or,  in  €»ther  words^  *'Tbe  specific  gnivity  is  ascer-^ 
tained  by  dividing  the  weight  of  a  substance  in  air  by  the 
difference  of  its  w^eiglit  in  air  and  in  wvater." 

For  the  reasons  that  much  more  extended  study  than  gen^ 
erally  prevails  would  be  required  for  beneficial  discrimina- 
tion, and  that  the  profitable  Tuinerals  worked  by  the  miner 
arc  either  massive  or  imperfectly  crystallized,  I  have  relied 
on  erystallography  as  little  as  possible,  and  then  only  whe 
the  form  is  generally  well  marked^  and  easily  understo< 
{See  Chapters  III,  I V^  and  V,  Sci'don  III^  for  various  tnodes,) 

ALBITB    (soda    FELDSPAR), 

Tliis  mineral  sometimes  tills  the  place  of  the  eommon 
potash  feldspar,  in  the  granite  rocks. 

It  is  more  generally  distributed  in  North  America  tbani 
elsewhere.     It  is  very  similar  to  common  feldspar  in  appear- 
ance (apart  from  its  crystal  form,  which  is  that  of  the  modi- 
fied oblique  rhomboidal  prism),  and  in  hardness j  it  is,  how- 
ever,   generally   of    a    more    tabular   fracture    and    glassy  1 
wliitencss. 

It  is,  foryo\ir  purpose,  more  promptly  and  decidedly  recoj 
aized  and  distinguished  from  the  common  feldspar,  befot 
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the   purely  blue  flame  from  the  blow-pipe,  which  flame  is 
changed  to  yellow  from  the  presence  of  its  soda. 

The  other  spars  of  this  family  are  more  for  the  scientific 
than  practical  man. 

ANTIMONY 

Ib  obtained  from  the  sulphuret  of  antimony,  which  is  very 
plentiful  on  the  Pacific  slope.  It  somewhat  resembles  galena, 
being  of  a  bright  metallic  lustre,  with  a  lead-gray  streak  and 
powder;  is  composed  of  antimony  73,  sulphur  27;  hardness 
2;  specific  gravity,  when  pure,  from  4.5  to  4.6,  so  that,  as 
galena,  or  the  sulphuret  of  lead,  is  from  7.5  to  7.7,  it  takes  a 
correspondingly  lower  position,  under  water  treatment,  on 
the  concentrator.  When  one  or  both  are  present,  the  well 
known  yellow  sulphuret  of  iron  (iron  pyrites),  of  from  4.8  to 
5.1,  or  white  arsenical  iron  pyrites,  of  6.3,  will  serve  to  show, 
by  comparative  positions,  the  presence  of  either,  or  both,  on 
its  upper  and  lower  sides,  when  not  too  intimately  combined. 
This  is  a  ready  and  good  practical  test,  when  others  fail  to 
inform  you  with  certainty. 

It  also  fuses  very  readily,  even  in  the  natural  flame  of  a 
candle;  and  on  charcoal,  before  the  blow-pipe,  to  a  black, 
waxy  slag,  from  which  its  voluminous  white  oxide  arises, 
after  the  flame  has  ceased  to  play  thereon,  which  also  depos- 
its on  the  charcoal  at  about  three-fourths  of  an  inch  from  the 
alag.  These  fumes  may  smell  of  sulphur,  but  must  not  aflEbrd 
the  garlic  stink  peculiar  to  arsenic,  which  also  gives  out  a 
white  oxide,  but  does  not  fuse  to  the  waxy  slag. 

It  may  be  also  fused  over  a  lamp,  or  fire,  in  an  iron  spoon, 
when  the  white  oxide  will  ascend,  coat  the  rim  of  the  spoon, 
And  smell  as  above. 

If  lead  is  present,  an  alloy  of  lead  and  antimony  would  be 
the  result  on  charcoal  with  carbonate  of  soda;  some  of  the 
Uitimony  would  still  volatilize.     The  lead  oxide  is  yellow. 

ARSENIC 

Oxidizes  at  a  low  temperature,  in  white  fumes,  but  less  volu- 
ininoujs  than  the  antimonious,  which  also  whitens  the  charcoal 
^  iron.  Arsenic  cannot  be  fused  to  metallic  state  on  char- 
<HNd,  nor  can  its  ordinary  ores,  as  those  of  antimony,  be  fused 
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to  a  waxy  i*lag,  but  may  bo  reducod  to  mettU  in  a  glaes  tnbe,^ 
with  fluxes,  by  caiHiful  and  elonse  treatriteut, 

lU  orcH  are  all  dissimilar  to  those  of  antimony,   whenl 
water-waahcd ;  ao«l  t'niit  u  disagreeable  garlic  8tink,  whcul 
cak'ined  in  fii'c%  liefore  the  blo\v-[)ipe*s  flame,  in  a  gla^s  tube,] 
or  any  other  manner;  both  of  which  aro  very  chririuteristie 
diftbreuces, 

ALUMINA 

li  an  essential  component  of  alt  the  fireclays.    It  may  bel 
detected  wlien  unite  dry,  with  great  facility,  by  applying  il,j 
for  liut  a  moment,  to  the  tip  of  the  tongue,  and  ai*  jjiiddenly 
withdrawing  it;  if  ninrmnn  is  present  in  ftractioLl  q^aatuity, ! 
the    sample  Btone  w-ill    reveal   its    chanieterit^tic  desire   ftn 
moisture  by  adhering  to  the  tongue. 

Clays  are  generally  white,  dirty  white,  yellow,  or  pink,  but  J 
sometimes  from  red  to  brown,  depending  on  tha  coloring] 
matters  that  may  be  present. 

As  dry  chalk  (which  is  a  somewhat  porone  carbonate 
lime,  bnt,  1  think,  not  yet  found  in  America)  rcsemblea  it  in  1 
raany  of  these  colors,  as  well  as  by  slight  adhesivenes^i,  itj 
should  be  alrto  tested  by  fire  or  acids.  Chalk,  after  it  haaj 
been  burned  in  a  eti'ong  fire  for  some  twenty  minutes,  of  I 
before  the  blow-pipe's  flame  for  two  minutes,  becomes  cau«-  J 
tic,  and  slacks  in  water;  it  also  eftervesces  when  moistened, 
by  any  strong  acid;  a  good  clay  stone  is  not  atfectdd  bjr 
either,  and  thereby  they  may  be  distinguislied, 

A  more  delicate  test  for  alumina,  either  when  free,  or  after 
it  has  been  separated  from  metallic  minerals,  in  the  manner 
described  in  a  former  chapter  on  the  Discrimination  of  Min- 
einls  by  Water,  is  that  ])erformed  on  charcoal,  before  the  tip 
of  the  blue  flarae,  and  moistened  with  nitrate  of  cobalt  solq* 
tiou,  which  gives  a  clear>  cliaracteristic,  pale  blue  color,  aftor  I 
the  pulverized  mass  has  been  afrnin  strongly  heated  in  this 

ave,  when  it  becomes  qtiUi-  .oL], 


BISMUTU. 

The  ores  of  bismutli  are  more  fusible  than  kuid»  and  af? 
^^frily  reduced  to  metal  in  the  yellow  flame  of  the  bh*w- 
pipe,  when  fluxed  with  carbonate  of  soda,  and  j<upported  by  I 
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charcoal,  to  a  reddish  white  metal,  which  is  much  less  duc- 
tile, or  malleable,  than  lead  under  the  hammer;  so  that  a 
flattened  button  breaks  into  small  pieces,  and  thus  distin- 
guishes it  from  lead,  which  also  deposits  a  yellow  oxide  on 
charcoal. 

As  the  ores  of  bismuth  are  all  different  to  those  of  lead,  in 
color  as  well  as  specific  gravity,  the  method  described  in  the 
chapter  on  Water  Concentrations  again  assists  to  a  great 
degree  in  the  more  certain  and  direct  recognition  of  either. 

This  mineral  is,  however,  scarce,  and  seldom  conflicts  with 
those  of  lead.  When  bismuth  is  dissolved  in  nitric  acid,  a 
copious  addition  of  water  to  this  solution  precipitates  its 
white  oxide. 

BORAX,    BORACIC   ACID,    OR   BORATES. 

Any  profitably  valuable  sample  of  borax  (biborato  of  soda 
and  water)  may  be  detected  before  tlie  oxidizing  flame,  by 
first  dipping  a  small  looped  platinum  wire  into  strong  sul- 
phuric acid,  and  then  dropping  a  small  quantity  of  the  pul- 
verized substance  supposed  to  contain  biborate  of  soda  (or 
any  other  boracic  acid  compound)  thereon.  After  some  five 
minutes  have  passed,  for  the  partial  solution  of  the  substance, 
place  it  just  before  the  point  of  the  small  blue  flame,  when, 
if  boracic  acid  took  any  part  in  forming  the  substance,  the 
flame  will  be  colored  green  on  the  margin. 

A  more  exacting  test  is  to  dissolve,  in  a  saucer,  a  thimbleful 
of  the  finely  powdered  borate  substance,  in  twice  its  volume 
of  strong  sulphuric  acid,  for  ten  minutes;  and,  after  adding 
about  thrice  this  volume  of  alcohol  thereto,  to  stir  well,  and 
%ht  the  alcohol  into  flame,  in  a  dark  place,  when,  if  boracic 
acid,  or  a7iy  borate,  is  present,  the  margin  of  flame  will  be 
tinged  green.  I  have  thus  Exposed  the  presence  of  the  one- 
thousandth  part  of  borax.  To  be  certain  that  the  borate  is  that 
of  soda  {borax\  you  must  also  test  for  soda  by  color  of  flame . 

Be  sure  that  no  copper  or  phosphorus  is  present. 

The  water  from  a  lake  may  be  tested  in  the  same  manner, 
but  with  much  .less  of  the  acid.    Gives  blue  glass  with  cobalt. 

CHALK. 

Before  the  blow-pipe  flame,  both  on  charcoal  and  in  for- 
ceps, it  becomes  lustrous,  and,  after  some  two   or  three 
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miinites  of  thin  iiiteuj^e   ignition,  it   sUioks,  like   c 
burned  limestone,  in  water, 

A  stone,  after  being  exposed  for  one  liour  in  the  greatei 
heat  of  a  common  fire,  likewise  becomes  caustic,  ami  slac 
in  water. 

It  is  of  ditterent  color?*,  and  always  streaks,  bruises,  ai 
marks  accordingly,  from  being  more  friable  than  the  oth 
carbonates  of  lime,  whielj,  in  common  tberewitli,  befo; 
ignition,  cflervesee  in  all  strung  acids* 

Alnininous  clays  streak,  and  adhere  alike  to  the  toDgu 
but,  under  lire  and  acids,  they  act  differently;  for  which  91 
Alijininii. 


CHLORINE, 

When  in  combinatioiij  is  mo:?t  easily  detected  with  the  t 
minal  eye  of  platinum  wire,  by  fusing  a  glass  from  micro 
cosmic  salt  (]i}iosj>hate  of  aoda  and  ammonia),  and  saturatin 
this  glass  with  copper,  by  dipping  it  in  oxide  of  copper, 
into  mineral  copper,  to  be  oxidized  before  the  blue  flame  ii 
this  finx,  until  this  resulting  glass  shows  a  greenisli  blu 
cold  bead.  This  being  obtained^  dip  it  into  the  liquid  o 
substance  to  be  examined,  and  replace  it  beyond  the  fiarae't 
point,  in  the  hot  current  of  air;  if  chlorine  is  present,  it  w 
be  plainly  indicated  by  a  clear  blue  flame,  which,  thong 
soraelimes  a  mere  border  and  but  transient,  is  always  distinci 
This  being  also  a  test  for  copper,  its  green  flame  will  follow. 
Chlorine  gas,  liquid  chlorine,  chlorine  water,  and  hj'dro 
chioric  acid  (soluble  chlorides,  as  common  salt,  sal  ammoniaci 
etc.,  also  precipitate  silver),  wljen  passed  over,  or  into,  the  nitrii 
acid  solutions  of  silver,  lead,  or  rnercurj,  and  unite  imm 
diatcly  therewith,  forming  insoluble  chlorides;  which,  beingf^ 
sepiirated  %  wt/kr  Ireattnent  from  the  acid,  may  be  fnither 
distinguished  by  ammonia,  in  which  chloride  of  silver 
conrpletely  dissolved ;  that  of  mercury  is  thus  oxidized  black 
whilst  lead  remains  unaltered. 

OOALS. 

All  kinds  of  coals  can  be  ignited  into  flume,  before  th 
blow^-pipe,  w^hich  contiuaes  for  some  time  after  the  cessation^ 
of  the  blast;   the  flame  is,  however^  more  a  ipeasure  of  i^ 
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'-gaseous  than  calorific  quality,  as  some  enduring  anthracites 
give  little  flame,  but  supply  a  long-continued  combustion, 
Jca\'in^  a  trifliu«:  residue  of  unconsumed  ashes. 

In  the  bituminous  coals,  the  more  crystalliuo,  brittle,  and 
Ibright,  the  better  the  quality. 

The  best  parlor  coals  are  generally  the  worst  for  steam 
l^ngiues,  and  vice  versa, 

A  good  approximate  and  very  quick  test  of  its  quality  for 
household  purposes  may  be  made  by  carefully  and  gently 
flaming  a  one  grain  stone  on  charcoal,  platinum  foil,  or  a 
very  thin  sheet  of  iron,  for  a  few  minutes,  and  noting  its 
quality  of  combustion,  diminished  weight,  and  composition 
of  its  residue  for  stone  clinker  or  ashes. 

See  the  Methods  of  Examination  for  Practical  Men,  in 
Chapter  V,  for  approximate  value  by  iron  spoon,  in  ordinary 
tire;  and  the  cluipter  on  the  Actual  Assay  of  Coals  for  Com- 
mercial Purposes. 

COBALT, 

Pttse  a  borax  bead  in  platinum  wire,  before  the  blow-pipe's 

I  Hue  flame;  cool  this  liead,  moisten  it  with  water,  and  dip  it 
into  a  pulveri 7.ed  sample  of  the  ore  to  be  tested;  interfuse 
th«  ore  and  flux,  before  the  oxidizing  flame,  to  perfect  fluid- 
ity; if  a  small  quantity  is  present,  it  will  show  blue  when  hot 
am!  cold,  in  both  oxidizing  and  roducing  flames;  if  a  larger 
l<luantity  is  present,  the  color  will  be  intensified  from  bine  to 
bluish  black. 

If  the  glassy  bead  is  too  dark  to  be  recognized,  break  atid 
poivorize  it,  when  your  eye  alone,  or  assisted  by  a  lens,  will 
we  this,  or  any  other  characteristic  dark  colors,  much  better 
than  can  be  exposed  by  the  method  of  flattening  the  hot  bead 
with  a  pliers  (the  more  difficult  manipnlatiou  described  by 
authors). 

It  is,  when  reduced  to  metallic  yiowder,  magnetic^  as  iron 
Wid  nickel  are;  but  this  Idne  bead  with  borax  distinguished 
If  from  these  metals,  as  well  as  its  pi'ompt  oxidation,  and 
Hiore  tardy  and  difficult  reduction  to  bright  metah 

It  has  from  a  pink  to  a  port  wine  color,  when  dissolved  in 
nitric  acid,  whicli   is  moi'e  or  l^m  shown  by  the  quantity 
at. 
12 
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COPPER 

Is  the  only  red  metaL  A  most  delicate  test  tor  it,  hi  all 
metullic  and  mioeral  combinations,  is  to  lieat  a  small  pic -^ 
of  tlicj  sample,  held  in  tbe  platinum  tips  of  the  forcep^B 
before  the  hhie  flame  for  one  minute;  then  moisten  it  witlt 
drop  of  liydro-ehkiric  acid  (muriatic),  and  re-apply  it  beft> 
thin  flame;  if  copper  ia  present  in  the  alloy  or  miner 
tbe  intensely  bine  flame  from  chlorine  will  appear  first,  a 
then  the  characteristic  green  flame  of  copper. 

Firyt  test  the  naked  forceps  in  the  ilame,  to  know  that  no 
copper  is  produced  from  the  relics  of  former  trials ;  and  al«o 
take  care  that  the  acid  docs  not  reach  and  extract  the  cop 
from  the  ''German  silver"  handle  of  forceps. 

A  powder  may  be  best  examined  on  the  platinum  wi 
when  moistened  with  this  acid  into  a  paste,  and  treated  ot 
erwise  as  above,  or  on  charcoal,  or  in  an  open  tire. 

If  you  have  no  acid,  by  simply  dipping  the  ignited  and 
well  roasted  red-hot  sample  into  a  tallow  candle,  or  any  other 
fat,  or  oil,  and  re-flaming  it,  the  green  flame  of  copper  caaj 
be  more  transiently  but  diatinetly  seen.  1 

To  examine  for  copper  in  an  open  fire,  pulverize  fine,  about 
one  ounce  of  the  ore,  intimately  mix  it  with  about  half  i 
weight  of  salt,  and  one-fourth  its  weight  of  fat,  into  a  6om< 
what  moist  mass,  and  east  it  into  a  clear,  open  fire;  if  capp 
is  present  in  practical  quantity,  the  flames  of  blue  and  gre 
will  be  recognized. 

Or  any  copper  ore  may  be  known  by  being  first  i*oasted  i 
an  iron  spoon,  or  on  iron;   and,  secondly,  again  roasted  with 
salt;   and,  thirdly,  by  being  placed  in  a  clean  vessel,  with 
sufficient  warm  water  to  just  cover  it,  when,  after  some  tim' 
a  green  solution  will  expose  its  presence. 

The  commercially  valuable  ores  of  copper  are  the  y« 

LOW    double   SI1LPUURET   OP  COPPER   AND    IRON,    THE    GRAY    SCI 
PHURETS,  TUB  BLUE  AND  GREEN  CARBONATES,  AND  THE  BLACK  , 
RED  OXIDES. 

1,  The  Yellow  Sulphuret  (Copper  Pyrites)  —  Is  mor 
universally  distributed  than  any  other,  and    in  the   ^Hrud 
fissure  veins*'  of  Cornwall  it  is  the  prevailing  copper  ore, 
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that  baa  sustained  the  louEr-coiitinued  and  eoormous  sales 
from  that  very  small  mining  region. 

It  varies  in  eomiitK-iition,  but  iiuiy  be  placed  at  abuot  34.6 
of  eoppcr,  30.5  of  n-on,  and  34.9  of  «olphur.  Spot-itie  grav- 
ity from  4.16  to  4.3.  Hardness  from  3.5  tu  4.  It  is  gener- 
ally of  massive  texture,  and  tn*egular,  eoneltoidal  fracture; 
of  a  color  that  varies  from  gnld  yellow  to  a  tanu\shed,  deep 
p  broni^e  yellow,  with  oxidized  exterior  *' peacock'*  colors, 
iridescent  mixtures  of  green,  blue,  and  purple.  Its  deep 
yellow  and  peacock  hues  diytingnish  it  from  the  arrieninrct 
and  sulphurets  of  iron.  It  is  also  much  softer  than  either; 
'  it  cuts  crisply  brittle,  with  less  Instrous  streak;  takes  a  lower 
position  under  water  treatment  than  gold;  is  dissolved  by 
tUhr  of  the  sinffle  aeids  of  atjttn  ryin  (nitrie  or  muriatic), 
which  gold  resists,  and  does  not  look  alike  when  viewed  from 
all  directions.  It  yields  a  button  of  copper,  wben  fuj=ed  with 
borax  on  eliureoal,  wbieli,  being  red,  is  suttieiently  eharaetcr- 
istic.  When  dissolved  in  acid,  it  deposits  cop(iei"  on  clean 
iron,  easily  known  1iy  it.^  color.  Wlieu  fused  on  naked  cbar- 
eoaU  before  blow-pipe,  it  beeomes  magnetic,  and  gives  the 
reaction  when  tested  for  sulphur,  by  any  of  tlie  metbods  given 
under  that  heading,  and,  of  course,  the  more  general  one  for 
copper. 

2.  The  Gray  SuLPUURin*  of  Copi^eh— \^iries  from  light 
metal  lead  color  to  plumbago;  cuts  freely,  but  witli  less 
(.Tispness  than  the  )  ellow  sulphuret,  It3  spet^ilic  gravity  is 
from  4.7  to  5.2,     Hardness  from  3  to  4. 

Its  composition  varies  greatly,  both  aa  regards  the  number 
ef  elements,  and  their  rcspeetive  quantities.  The  copper 
Ifenemlly  runs  about  38,42,  more  or  less  ratioed  with  the  fol- 
lowing: Arsenic,  2.08;  antimony,  25.27;  iron,  1.52;  sul- 
phur, 25,03;  silver,  .83;  ;5inc,  6,85,  The  arsenic,  antimony, 
an<l  7,inc  vary  dowu  to  nothing;  whilst  the  iron  runs  u[)  to  7, 
and  the  silver  sometimes  appears  to  replace  the  eopper,  to 
upwards  of  30  per  cent.,  atul  occasionally  other  minerals 
happen  to  be  present. 

The  general  copper  test  will  intbrm  you  of  its  presence, 
and  an  actual  silver  assay,  or  especial  approximate  tests, 
should  l>e  always  made  fnmi  al!  such  soft  gray  ores,  which 
almost  invariably  contain  it,  in  silver-hearing  regions. 
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Tlie  tests  for  the  otlier  mioerals  niaj  be  made  as  direc 
under  their  separate  headiiig8. 

3.  The  Blue  Carbonate  of  Copper.— The  bine  carbonate 
of  copper  frequently  but  merely  etairns  the  surface  of  stones; 
is  compose*!  (from  ii  careful  aualvsis  made  by  R.  Phillips)  of 
the  oxide  of  copper,  69,08;  carbonic  acid,  25.46;  and  water,  _ 
5.46.     Specific  gravity,  3.5  to  3.77,     Hardness,  from  3  to  4,      I 

Its  color  is  ahvays  of  distinct,  &howy  brightness,  and  variea 
from  a  sotnewhat  deep  blue  to  Prussian  blue.  In  connnon 
with  all  earbonates,  it  i-ilervesces  in  acidn.  It  gives  the  gen- 
eral copper  reactions,  and  when  pulverized  and  mixed  with 
6altj  oil,  and  flour,  will  give  the  blue  and  green  characteristic 
flames  of  chlorine  and  copper,  when  thrown  into  a  hot  tire. 

4.  The  Greex  Carbonate  of  Copper  (Malachite)  —  Is  in 
every  Avay,  except  color  and  composition,  similarly  detected. 
II.  Phillips  gives  its  composition,  72.2  oxide  of  copper,  18.5 
carbonic  acid,  9.3  water. 

Color,  brightj  strong  green,  to  bright,  pale  green.  Specific 
gravity  (when  solid),  3.5  to  4.     Harduess,  3.5  to  4. 

5.  The  Black  Oxiue  or  Copper  —  Like  the  carbonates,  ij^ 
invariably  found  above  the  water-line.  It  has  a  soot-like 
appearance,  is  friable,  somewhat  unctuous,  and,  like  the 
black  sulphuret  of  silver,  soils  the  fingers. 

It  is  also  frequently  seen  in  the  sbahow  portions  of  Cornish 
veins,  although  more  in  indication  than  quantity.  It  is  more 
easily  discriminated  than  the  other  coppers,  as  all  that  is 
necessary  is  to  mnisten  the  tips  of  your  finger  and  thumb,  to 
rub  them  thereon,  and  apply  it  to  your  liglited  candle,  so  as 
to  recognize  the  characteristic  green  flame  of  copper.  It  is 
also  most  easily  dissolved  by  acids,  and  reduced  on  charcoal 
by  blow^pipe,  or  in  criieible.  It  will  not  stand  the  wate 
treatments,  on  the  small  or  large  scale. 

6.  The  Ked  Oxide  of  Copper — Is  sometimes  found  alone 
in  workable  quantity,  but  is  generally  associated  %vitli  the 
shallow  carbonates,  or  ride  a  deeper  development  of  gray 

ores. 

It  may  be  easily  detected  by  the  foregoing  methods;  and 
being  of  simple  and  rich  composition — copper  88.5,  and 
oxygen  11,5  —  it  can  be  as  readily  assayed. 
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It  will  not  stand  against  water- Wiishiiigs,  witliout  consider- 
able wastage*  Nitrif  acid  gives  a  green  solution  with  this 
ore,  and  deposits  copjier  on  iron.  Cinnabar  is  insoluble,  and 
freely  volatilizes  in  fire.  Red  silver  shows  no  color  with 
aitric  acid,  and  precipitiites  plenteous  white  curds  with  salt. 
Red  ochre  of  iron  gives  no  copper  reactions. 

There  are  some  My  other  different  ores  of  copper,  that 
partake  moi^  of  dcicntitie  interest  than  practical  value,  as 
they  are  not  found  anywhere  in  sufficient  quantities  to  pay 
for  separate  extmction. 

FELDSPAK. 

There  are  four  kinds  of  feldspar:  Common  teUkpar 
(orthoelase),  albite,  labradorite,  and  nepheline.  They  almost 
entirely  compose  the  porpliyries,  and  are  present  in  the 
Various  granites,  as  explained  in  Chapter  I,  Section  I,  in 
a  crystallized  condition,  where  they  may  be  more  ad  van- 
tage(Kisly  studied  ;  as  also  in  mixed,  disintegrated  condition 
iathe  tine-grained,  re-formed  Astoic  rocks  described  iu  Chap- 
ter U,  Section  I;  as  also  iu  lavas.  The  miner  not  requiring 
a  very  close  analysis  of  these  spars,  beyond  their  visual 
recognition,  I  must  save  tlie  considerable  space  that  these 
Would  require  for  illustration,  and  refer  the  curious  to  thotie 
Works  that  are  particularly  devoted  for  discrimination  of  all 
the  minerals.  For  the  miner's  purpose,  comiuon  feldspar 
(potash  feldspar)  is  most  advantagetmsj  and  %vliich  he  can 
»tudy,  when  assisted  bj^  a  good  glass,  in  the  granite  folds  of 
tlji!  book  of  Nature,  sufficiently  well  for  the  purpose  of  recog- 
nition, that  he  may  know  it  from  its  associate,  quartz.  (See 
Aibile,  at  page  172,  this  chapter;  and  the  Composition 
of  Primitive  Granite,  Section  I,  Chapter  I,  at  pages  22,  23.) 


FLUOR   SPAR 

Frequently  accompanies  the  minerals  of  eopper  and  lead;  it 
crystallizes  in  the  cubical  system,  and  varies  in  color  from  a 
watery  white  to  yellow ;  fmm  sky  blue  to  greenish  blue ;  and 
ftom  pink  to  amethyst,  to  dark  purple,  approaching  to  black. 
It  Jivery  brittle,  does  not  scratch  glass,  nor  crystallize,  as 
quartz;  and  is  not  scratched  by  the  naiL  On  being  heiited 
before  the  blow-pipe,  or  in  any  open  fire,  it  may  be  seen  to 
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burst  violently,  and  scuttvr,  during  a  crackling  noise,  into] 
nunif»rous  pieces,  individually  exlnbiting  peculiar  pbospho-j 
rescent  lights,  that  vary  in  color,  as  the  mineral  i^  composed, 
from  blue  to  green,  wliich  continue  for^juie  time  after  it  has 
escaped  from  the  fire*     This  last  U  a  superior  and  ever  ready 
test,  aB  a  stone  can  be  cast  even  in  the  sage-lmsh  fire  (during] 
darkness  is  best),  and  tested  in  one  minute,  wbicli  appear- 1 
auce,  once  seen,  A\dll  never  be  forgotten. 


GOLD 

Is  generally  found  in  the  metallic  state;  in  fact,  fi^r  practical 
purposes,  it  may  be  thus  considered. 

It  is  always  n^ore  or  less  alloyed  ^vith  silver  and  copper, 
and  its  color  and  value  vary  accordingly. 

Pure  gold  is  yellow,  is  unclianged  by  any  single  acid,  but 
is  dissolved  in  nitro-hydro*ehlorie  acid  (called  ^^acpia  regia," 
which  is  coroposed  of  from  two  to  four  parts  of  hydro-chloric 
acid,  added  to  one  of  nitric  acid);  it  should  leave  no  precipi- 
tated residue  of  chloride  of  silver. 

It  is  much  more  ductile  than  any  metallic  alloy  of  similar 
appearance,  arul  flattens  under  pressure  to  an  almost  nolim- 
ited  sixe,  without  cracking  its  edges.  Wlien  a  supposed  gold 
button  is  rceupellcd  witli  lead,  it  shotdd  not  lessen  its  weight 
but  in  a  slight  degree,  or  base  ndnerals  will  have  been 
present. 

In  tlie  stone,  it  is  best  known  by  giving  the  same  metallic 
yellow  lustre  in  all  directions,  or  the  same  to  the  eye  when 
the  stone  is  turned  mund  during  observation,  whether  it  is 
dry  or  wet.  OtJier  yellow  minerals  are  lustrous  in  certain 
positions  only,  or  vary  in  dificrent  dircclioiiSj  as  reflected 
from  bright  faces. 

In  the  absence  of  other  tools,  a  very  efficient  and  ready 
test  may  he  exteniporized  by  taking  a  transparent  wine  or 
whisky  bottle  for  a  concentrator^  into  whith  ]>iacc  1000  grains 
of  finely  pulverized  quartz;  after  the  bottle  is  half-filled  with 
water,  securely  corked,  and  well  shaken,  to  sink  the  float 
gold  and  arouse  the  debris,  the  dirty  wnter  may  be  carefully 
poured  away;  repent  this  half-filling,  shaking,  and  pouring, 
until  Clearwater  passes  awav;  next  concentrate,  by  holding 
trie  bottle  by  the  neck  with  the  right  hand,  as  you  would  a 
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horn,  aad  allowing  the  greater  part  of  the  lighter  debris  to 
pass  towards  you  through  the  neck*  uiiJ  oh.servo  if  any  gold 
lies  under  the  heavier  residue,  by  looking  np  through  the 
glass.  (See  the  elmpter  on  the  Gold  Assay,  for  greater  quan- 
titative nicety,  by  extended  inanipnlations.) 

hi  water  treatment,  it  oeeupics  the  head,  and  ix^sembles  in 
appearanee  nothing  closely  but  yellow  mica,  which  is^  how- 
ever, very  light,  and  washes  away;  or  yellow,  bright  brass 
ihipa,  or  spelter,  which  should  not  be  there  but  by  chance, 
and  can  be  tested  by  tire,  by  darkening,  or  are  renioved  by 
acids,     (See,  also,  Chapters  III  and  V,  Section  1II») 

If  you  have  any  douht  about  its  being  gold,  after  either 
uf  these  trials?,  it  i^  not  gold. 

GRAPHITE,   OR   PLUMBAGO. 

Jmphite  is  comported  of  carbon,  with  from  about  one  to 
tliree  per  cent,  of  iron,  which  varies  its  color  from  that  of 
polished  platinum,  to  a  dull  lead  gray.  It  is  of  a  flaky 
appearance,  easily  scratched  by  the  nail,  perfectly  infusible 
Wfore  the  natural  blow-pipe  flame,  and  insoluble  in  all  acids. 
The  darker  kinds  resemble  the  less  frequent  molybdenite 
Mphuret  of  niolybdeuum)  in  appearance;  but  the  latter  is 
hiQwn  by  the  sulphur  test,  lessening  its  weight  before  flame, 
and  by  pajtially  dissolving  in  nitric  acid.  Graphite  is  very 
^ticb  like  native  amalgam,  and,  when  ruhbe*!  by  gold,  this 
^etal  is  whitened  iu  the  same  manner  as  if  amnlgamatcd; 
Jgtit  may  be  rubbed  off,  and  is  not  volatilized  by  the  flame, 

I  mercury  would  be. 

Plumbago  contains  a  greater  and  variable  amount  of  iron, 
*it>t  exceeding  ten  per  cent.  Its  quality  is  goverueil  by  this 
p>^)portian,  its  freedom  from  earthy  impurities,  and  more 
substantial  texture. 

It  marks  as  the  lead  jieneil,  stands  fire,  and  is  little  affected 
by  acids. 

nOENBLENDE. 

This   mineral   is  variously  found,  both   crystallized   and 

massive,    as  well    as  in  syenitic  granite;    the  hornblendic 

[nbtci;  hijrnblendic  feldspar,  wliich  is  the  fine-grained  rock 

called  greenstone  ;  and  hornblendic  ulbite,  which  is  a  some- 
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what  Rimilar  rook  called  diorite ;  as  well  as  in  ntinieron 
other  more  oompliented  rocks,  that  do  not  in  anj  way  coi 
cern  the  mi  nor*  It  is  ostonsihly  a  silicate  of  lime  and  niasg 
ncsia,  but  containa  various  mixturoB:  about  fifty  per  cent.  € 
i^ilioa,  with  magiici^ia,  limo,  alumina,  the  protoxides  of  iro] 
and  niangancHC,  liydro-fluoric  acid  and  water,  in  oonseeU" 
tively  diminishing  quantities.  Horc  the  iron,  as  in  mici 
darkens  the  speeimen.  Tlie  ohief  difluronro  in  that  niic 
containa  potasli,  instead  of  lime  and  magnesia. 

With  the  assistance  of  a  lens,  and  knife,  yon  shouh 
become  familiar  with  its  geiieml  features,  as  j^een  in  th< 
gi*anite  called  syenite;  and  illustrate  on  dtarcoal,  in  the  blowi 
pil»e*H  yellow  flame,  that  hornblende  fuses  to  a  globule,  thai 
varies  in  color  from  green  to  black;  whilst  mica,  which  maj 
be  taken  from  granite  proper,  is  thus  not  only  infufNible,  bu 
becomes  opaque,  and  much  whiter.  Remember,  too,  tbat| 
altliough  eleavable,  it  is  more  horn-like  and  tough,  as  well  ai 
being  non-elastic,  and  less  gbi3sy  than  mica;  mica  is  alsc 
softer. 

Specific  gravity  from  3  to  3,4.     Hardness  from  5  to  6, 

These  are  sufficient  tests  for  your  purpo.>;es  of  mining, 

(See  numerous  authors  on  general  compositions  uf  all  th^ 

diversified  minerals,  for  other  combinations*) 

IRON 

Is  distinguished  from  nickel^  which  is  also  rendered  magnetio 
by  lire,  by  the  bomx  bead  of  nickel  being,  instead  of  bottle* 
green,  violet  when  hot,  and  reddish  brown  when  cold 

It  differs  from  cobalt  most  palpably  in  tlie  bUie  color  pro* 
duced  by  this  mineral,  when  fused  with  bonix 

The  rust  water  test  for  iron,  described  in  the  chupter  for 
Pmctical  Mcu'h  Discrimination,  may  be  used,  when  a  violet 
to  reddish  brown  or  a  blue  bead  appears,  to  see  if  iron  is  abo 
present,  and  the  carbonate  of  soda  test  for  manganese. 

Iron  is  difficult  to  reduce  to  metal,  in  a  short  time;  whilst 
nickel  and  cobalt,  with  carbonate  of  soda,  are  easily  and^ 
proriq>tly  reduced:  the  first  to  a  white  magnetic  metal;  tb 
second  to  gniy  magnetic  powder.  Be  careful  that  no  iron^*^ 
abraded  from  an  iron  mortar,  is  present;  bruise  in  brass,  or* 
between  stones. 
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After  fusion,  it  will  bo  a<lvisiul)!e  to  pulverize,  nnd  iH3Sort  to 
the  water  treatment  system,  deserilied  at  foot  of  i»age  152, 
which  will  pass  off  tlie  i?olable  [UMtions  of  the  flux,  and  tlic 
lighter  debris;  when  the  residtliig  nietids  may  be  dried  over 
a  tea-kettle,  and  examined  hy  magiut  or  leua. 

The  commercially  valuable  ores  for  iron  are  the  ausen- 

Il'RKT,  carbonate,  CH  ROM  ATE,  HEMATITES,  STLPHURETti,  AND 
MAiiNETiC  VARIETIES. 

1.  The  Carbonate  of  Iron ^ — Free  trom  otlier  carbonates, 
is  distinguished  from  the  rest  of  the  iron  ores  by  nitrie  acid, 

which  causes  it  to  eiiervescc  when  in  a  pulverized  condition. 
It  dissolves  slowly.  It  is,  when  pure,  composed  tif  protoxitle 
of  iron  H2J)7,  carbonic  aeid  3T/J-i;  but,  as  it  is  oilten  inixe<l 
with  manganese,  lime,  magnesia,  and  alumina,  as  well  as 
mechanically  associated  with  quaitz,  little  reliance  can  be 
placed  on  these  figures  for  practical  purposes. 

Its  specific  gravity  ranges  from  3.6  to  3.85.  Hardness  from 
3  to  4.B. 

Geacndly  massive  and  somewhat  foHated,  but  at  times 
ciystallized  in  rhomholiedroys  and  bexagonul  prisms,  occa- 
eioiially  with  curved  facets.  Sometimes  found  in  irregularly 
iiliatered^  curvilinear  forms.  Natural  appcarnnce  sparry, 
vitri^oQs,  colored  fron»  yellow  to  gray,  or  from  reddish  bnnvn 
tohrow^n,  which  ehanges  by  exposure  to  black  on  its  surface. 
The  streak  and  powder  of  the  black  variet}'  is  brown;  that 
^  the  others,  as  themselves.  It  attracts  a  very  delicate  mag* 
netie  needle;  blackens  before  the  blow-pipe's  tlame;  and, 
^n  intensely  heated  within  its  yellow  flame,  it  becomes 
ore  magnetic*  and  is  then  attracted  by  a  magnet 

2.  Curomate  of  Irox  —  May  l»o  distinguished  from  other 
ifoiiores  bv  the  emerald  screen  rolur  of  its  irlass,  when  fused 
^^  wire,  with  borax,  or  |diosphute  of  soda.  This  color  is 
niore  easily  obtained,  and  in  iR^tli  Hames,  by  a  very  snn^ll 
'l«»iitity,  tlian  would  lie  generally  the  case  with  ii*on  whirh 
gives  a  bottle-green  in  the  reduction  flame  only;  wlien  in 
*^Xcessive  quantity,  tbc  glass  of  iron  is  reddish  lirrnvn.  The 
*r^>n  bead  in  the  platinum  wire,  being  again  fused  with  a  vvry 
SQiail  piece  of  tin,  becomes  copperas  green;  the  chroDiium 
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bead  being  iinaltored  by  tin.  By  tukijig  the  same  smaT 
quantity  of  any  other  iron  ore  than  tlie  sulphuret  (which 
requires  longer  time),  uud  fiisiog  it  in  a  simihir  manner  with 
borax,  tlie  beads  may  be  more  readily  di stingo isshed,  and  the 
presence  of  any  chronnited  ore  be  cs^tabhsbeJ  witli  greater 
certainty  by  com  pari  son. 

When  any  ehromie  ore  is  mixed  with  about  equal  parts  of 
carbonate  of  Bo<la  and  nitre,  and  fused,  either  on  clean  iron 
or  phitiimm  foil,  over  tlie  clear  flame  of  any  iamp,  Jnrther 
intensified  by  upward  blast  of  blow-pipe,  a  very  small  quan- 
tity can  be  detected  by  its  forming  an  ettervcscing  sulphur- 
yellow  mass  when  hot  and  wlien  cold. 

This  may  be  also  performed  in  an  iron  or  platinuui  wire, 
before  the  blow- ^ wipe's  clear  flame.  M 

These  colors  are  best  compared  after  coarse  pulverization,     " 

If  you  have  no  better  convenience,  a  piece  of  clean  iron 
may  be  warmed  in  a  hot  lire  to  l»right  redness,  and  tlie  inti- 
mate mixture  sprinkled  tliereon,  when,  if  it  is  a  ehromate, 
this  yellow  nuiss  will  be  again  produced. 

A  piece  of  small  hoop  iron,  or  crinoline  steel,  of  about  twa< 
feet  long,  may  be  conveniently  used,  by  tirst  dipping  one  end 
in  %vater,  then  into  the  pulverized  sample,  intimately  mixed 
with  fluxes,  and,  after  warming  it  to  bright  red  in  the  tire, 
the  color  may  be  recognized,  either  at  sight  or  when  pulver^  J 
ized»  This  may  be  also  performed  on  bone-ash  cupel,  before 
blow-pipe,  or  in  a  clear,  hot  tire;  green  patches  may  apiKuir 
around  tlie  margin  of  the  fnsed  mass,  where  the  soda  has 
probahly  combined  with  the  phosphorus  from  the  phosphate 
of  lime,  and  idso  giving  the  phosphate  of  soda  bead  reaction, 
as  before  explained. 

The  utidition  of  nitre  to  carliomite  of  soda,  althongli  won- 
derfully ettcetive  for  intensifying  and  creating  a  color  wliere 
none  would  otherwise  appear,  when  only  a  minute  quantity 
is  present,  is  not  imperatively  necessary  for  (fetecting  the 
practically  valuable  ores,  which  tlie  carbonate  of  soda  wunid 
suflicientiy  expose.  Long  tiring  is  required  to  destroy  the 
yellow  color,  when  produced.  ■ 

It  {(tiysically  rcsemhies  sunu  of  the  from  reddisli  br-own  to 
black  hematite  tjrcs,  excepting  that  it  shows  silky  facet8| 
which  are  also  frequently  conchoidal,  and  of  a  more  ea 
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transverse  fracture.  Wlieu  pui^,  it  is  unaffected  in  eolur  or 
shape  before  blow- pipe  or  in  tube,  but  becomes  magnetic. 
It  is  nearly  always  arisoeiated  with  lime,  magnesia,  or  alu- 
wiina.  Specific  gravity  from  4.3  to  4.6,  Hardness  said  to  be 
5,5.  I  have  a  tine  sample  now  before  me,  wbidi  is  not  so 
heavy,  being  but  3.9,  probably  cellular;  and  iU  hardnei^s  does 
not  exceed,  in  tlie  fractured  parts,  4.5.  Composition  iri'egu- 
lar;  generally  contains  about  fifty  percent,  of  oxide  of  chro- 
miara,  and  thirty -five  of  the  peroxide  of  iron;  the  remainder 
Variously  composed  of  linie,  magnesia,  and  aluniiQa. 
*Chromate  of  potash  may  be  formed  by  fusing  tbis  mineral 
in  a  crucible,  with  caustic  potash.  This,  dissolved  in  a  small 
quantity  of  water,  and  filtered,  is  a  mutual  test  for  lead  and 
itself,  in  acid  solutions,  wliich  may  be  sometimes  resorted  to 
fcr  positive  proof  of  its  presence* 

3.  Hematite  Iron  Okbs — Are  from  a  red  to  a  brown  color, 

njjjiroaching  to  lilack  on  the  faces  of  fracture,  but  not  expos- 
ing much  appearance  of  crystallization;  scratclicsand  bruises 
to  a  red  powder,  wbicli,  being  very  friable  and  somewhat 
unctuous,  stains  the  fingers,  and  forms  a  red  mechanical  solu- 
tion with  water,  that  favors  to  a  remarkable  degree  its  sepa- 
tioii  fi'om  tin  ores,  with  which  it  is  frequently  associuted  iu 
(Cornwall ;  forming  red  rivers,  that  reach  into  and  color  the 
80afor  miles  in  extent. 

8{>ecific  gravity  from  3.5  to  4.  Hardness,  maximum,  5,5, 
varying  downwards  to  as  low  as  3,  according  to  the  extent  of 
Ji&integratioa,  decomposition,  etc.  These  ores  generally  pro- 
duce about  sixty  per  cent,  of  cast  iron,  and  as  high  as  sixty- 
foar  has  been  obtained,  depending  on  gangue,  etc.  Blackens 
and  becomes  magnetic  before  the  blow-pipe;  does  not  effer- 
vesce in  acids,  a^  the  carbonate ;  pulverizes  to  an  impalpable 
r^J  powder,  which  may  be  all  passed  away,  suspended  in 
Water  before  and  atler  ignition,  and  givea,  when  enclosed  in 
platinum  wire,  with  borax,  in  the  yellow  flame  of  tlie  blow- 
pipe, a  bottle-green  glass;  not  the  emerald  green  of  the  chro- 
mated  iron,  last  described.  It  gives  out  coiL^ititiitional  water, 
when  heated  in  a  close  or  open  test  tube,  above  the  boiling 
point  of  water,  to  low  redne^.  This  must  not  be  confounded 
with  meehanical  moisture;  and  therefore  it  should  be  thor- 
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oiighly  tlricil  in  a  clean  covered  basin,  placed  m  a  lid  aver 
tea-kettle,  or  cufice-iiot,  of  boiling  water  (if  you  have  tjutliiii^ 
better),  until  quite  ^]r\\ 

4.  Magnetic   Iuon   Ores    (Native   Magnet)— Are    sufli- 
eientlj  characterized  by  their  singularly  iiiiierent  or  natuml 
magnetic  and  poljir  powers,  and  by  being  irtui-like  black,  andJ 
«trcakuig  and  pulverizing  black. 

It  id  fiumd   both   crystallized   in   octahedrons  as  well 
dodecahedrons,  and  more  frequently  massive  in  extensive 
beds. 

Specific  gravity  5  to  fxl.  Hardness  from  5,4  to  6,5.  Com- 
posed of  both  peroxide  and  protoxide  of  iron;  the  iron  being 
theoretically  72.4  per  cent.,  oxygen  27 A*.  It  is  brittle,  but 
gtan<ls  water  (before  roasliiig)  better  than  the  other  cor:.- 
mercially  valuable  ores  of  iron. 

A  fine  smelting  ore,  which  is  very  generally  found  in  lurgei 
quantities  tlirougbout  the  w^orld,  in  nearly  all  formatitms. 

5.  Magnetic  Iron  Pyrites  {Sulpuljret  of  Iron). — It  varies^ 
from  yellow  to  copper  and  tiesh  color,  and  is  generally  found 
massive.  i 

Large  qnantities  of  the  darker  varieties  were  taken  from 
the  Great  Onslow  Consols  Mine,  Cornwall,  wliich  otlen  puz- 
zled the  miners,  who  were  unaccustomed  to  separating  it 
from  copjier,  by  the  light  of  the  candle,  i^efore  it  was  drawul 
to  the  surface.     It  tarnished  by  exposure  to  closely  resemble j 
the  horse-flesh  ores  of  copper,  wldch  may,  liowever,  hav< 
been  fat-'ilitafed  by  the  presence  of  a  natural  solution  of  cop-1 
per,  which  was  so  strong  as  to  be  profitably  bcneliciated  at! 
the  surface,  liy  precipitation  on  metallic  iron. 

It  cuts  more  freely  with  the  knife  thim  common  irou 
pyrites,  its  hardness  being  from  S.2  to  4.4,  and  specific  grav- 
ity from  4.4  to  4.6.  It  attracts  the  magnetic  needle  slightly,' 
which  the  common  iron  pyrites  do  not  do,  ancl  fuses  wheal 
completely  enclosed  by  the  yellow  (rednction)  fiame,  to  a* 
black  globule,  which  is  attracted  by  the  magnet,  thus  ditter-l 
ing  from  copper  pyrites,  and  bruises  to  a  3  ellowish  powder; " 
whilst,  before  the  blue,  oxidizing  flame,  it  afterwards  bruiseaj 
to  red  oxide  of  iron.     Composed  of  iron  00,5,  and  snip  bur 
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6.  Common  Trox  Pyrites  (Ci-Sulphuuet  of  Iron)  —  Ia  of 
yellow  color,  and  metallic  lustre  in  mass  and  io  powder; 
iTv^tallizes  geacmllj  in  cubes,  its  modifications^  and  deriva- 
tive forms;  but  sometimes  it  takes  the  place  of  other  min- 
erala'  vacated  formis,  by  filling  g^iieh  cavities;  and  also  mas- 
sive, or  speckled,  in  quartz  veins,  etc.,  etc. 

Composed  of  46J  per  cent,  of  iTOn,  and  53.3  of  sulphur; 
its  epecifie  gravity  ia  from  4.8  to  5 J,  which  alone  di^^tiii- 
guishcs  it  from  the  ma*:rnetic  variety;  and  its  hardness  from 
ilto  6.5.  It  strikes  fire  with  steel,  and  scratches  glass  freely, 
which  the  magnetic  iron  pyrites  will  not  do;  nor  do  commnn 
iron  pyrites  aftect  the  magnetic  needle.  It  gives  the  various 
rcactrons  for  sulplmr,  and,  heated  before  the  blow-pipe  on 
t'liarcoal,  it  volatilizes  snli»liur,  recognized  by  its  smell ;  and 
nflbrds  a  mass,  or,  if  in  very  small  fiuantity,  under  a  perfect 
Inducing  llame,  a  globule,  whicli  are  both  attracted  by  a 
magnet. 

The  sulpburets  of  in^n  are  protitably  worked  for  gold 
(which  they  invarialdy  contain),  in  all  gold  quartz  regions,  as 
Well  as  in  eome  districts  for  their  sulphur,  by  forming  sul- 
phate of  iron,  snlplmric  acid^  sulphur,  etc. 

7.  Arskxical  Iron  Pyrites,  ^ — The  Practical  Analysis  of 
Dr.  Thomson,  alluded  to  in  the  Elementary  Treatise  on  Min- 
ctalogy,  by  William  Phillips  (to  which  work  I  am  indebted 
fotmany  otliers),  gives  33.98  of  iron,  45.74  of  arsenic,  and 
1^  of  sulphur;  the  theoretical  quantity  being  3^J.r*7  iron, 
45,53  arsenic,  atnl  19.9  of  sulphur.  Specific  gravity  5.7  to 
6*3.    Hardness  5.5  to  0. 

It  crystallizes  in  varionsly  modified  rigljt  rhombic  prisms, 
which,  in  practice,  are  seldom  seen  to  further  advantage  than 
^0  ghow  that  the  sharp  angles  are  mostly  turned  outwards, 
forming  aggregated  grnu|)s  ditterent  to  the  stilpliurets  of  iron. 
It  b  nearly  white,  unless  tarnishud  to  liglit  yellow;  of  very 
'•right  metallic  lustre,  which,  combined  with  its  hardness, 
scratching  glass,  striking  fire  with  steel,  and  garlic  stink, 
•^parates  it  from  the  minerals  that  otherwise  would  too 
ci<JSd|y  resemble  it. 

A  small  piece  nmy  be  rendered  magnetic  by  being  placed 
on  charcoal,  and  enclosed  for  some  time  in  a  steady  and  hot 
reducing  flame. 
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8.  TiiXGSTATE  OF  Iron  (Wolfram)  —  Altliougb  of  no  oomH 
mercial  value,  is  often  a  source  of  iiiucli  aiiuoyaucc  to  the  til 
miner;  for,  being  iion-vulatile,  and  of  .similar  friability  and' 
weight ;  fire,  pulverization,  and  water,  all  fail  to  ett'et't  its  sep- 
aration: and,  as  the  smelter  ret|uirei4  the  tin  oxide  in  all  its 
piiritj,  the  millman  has  to  rid  it  from  the  incumbrance  bjrfl 
dissolving  it  in  hjdro-chloric  acid.  " 

It  is  composed  of  74,ti6  of  tungstie  acid,  17.59  protoxide 

iron,  5.64  protoxide  of  manganese,  and  2.1  of  silica,  a 
"comparatively  pure  specimen,  as  analyzed  by  Berzelius;  the 
silica  being  probably  accidental.  Specific  gravity  Ironi  7,1 
to  7.4,  Hardness  from  5  to  5.5.  Its  color  varies  from  dark 
brown  to  black;  the  fractured  fiices  are  always  lighter,  and 
the  streak  reddish  brown.  h 

Being  of  higher  specific  gravity,  less  volatility  and  friabil-V 
ity,  than  any  mineral  which  it  resembles  in  color  and  general 
appearance,  excepting  tin,  it  may  be  practically  recognized 
and  separated  by  the  water  and  roasting  treatments;  and 
from  tin  it  can  be  readily  parted  by  being  dissolved  in  hydro- 
chloric (muriatic)  acid,  and  re-washing.  Tin  oxide  is  iusolu^*^ 
ble  in  all  acids,  ™ 

It  is  massive,  and  crystallized  in  rectangular  prisms;  w^hilst 
tin  13  mostly  in  quadrangular  prisms,  that  are  terminated  by, 
four-sided  pyramids.  It  is  readily  fused  with  borax,  yielding 
a  green  bead,  but  %vhich  does  not  act  on  the  magnet,  nor 
produce  cither  a  white  oxide,  or  metal,  as  tin  does.  Different 
to  most  iron  ores,  it  decrepitates  like  tin.  Witli  microcosmic 
salt,  it  yields  a  red  bead.  The  most  eeiiain  test  is  that  o 
acid  fortlie  tin  miner's  guarantee  against  error,  and  furascer 
taining  the  actual  quautitiea  of  each  that  may  be  present. 
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KAOLIN 

Is  a  peculiar  clay,  composed  of  silica,  alumina,  peroxide  ofl 
iron,  and  water.     It  has  been  used  most  snccessfuUv  bv  the 
Chinese,  in  the  manufacture  of  the  porcelain  called  '^ china," 
in  which  they  have,  from  superior  skill,  better  natural  mate-  ^ 
rial  and  colors,  not  only  preceded,  but  surpassed  all  nations,    f 

It  is  chiefly  found  in  the  hollows,  lying  on  the  flanks  of 
granite  hills,  being  the  resultant  residue  from  the  washings 
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of  this  rock,  after  partiul  decomposition  and  dimDtegratioa . 
liave  released  the  pota,sli  that  passed  away  in  the  water. 

It  is  still  found  in  Chimi,  in  great  abundance,  and  of  better 
naturol  qwality  than  elsewhere.     France,  Saxony,  and  Corn-i 
wall  are   the  principal  European  sources.     It  is  found  in 
Cornwall,  in  several  district:^,  of  white,  yelkiw,  and  pink 
colors,  and  is  quite  an  extensive  and  protitabic  business. 

The  mode  of  extraction  and  preparation  for  the  market  is 
most  simple,  and  consists  of  shovellin^^  and  stirring  the 
broken  debris  in  water,  to  eunse  the  impalpable  kaolin  debris 
to  be  suspended  in  the  water,  which  is  conducted  into  sev^eral 
suitably  tbrmcd  catcli  reservoirs,  provided  with  flushets  for 
lutting  off  the  water  when  each  pit  is  full,  so  that  the  clay 
may  settle  to  the  bottom,  which  is,  after  the  clear  water  has 
passed  away,  repeated,  uuii!  the  white  mud  becomes  some 
six  inches  deep,  when,  after  it  is  sufficiently  dry,  it  is  cut  into 
cubes,  and  further  dried  tor  the  market  by  the  summer*s  sun, 
and  placetl  under  sheds,  to  be  shipped  when  eouvcuieut.  It 
is  also  the  base  of  tirC'resistiug  bricks.  The  tire  will  prove' 
their  quality,  after  moulding  a  small  brick.  (See,  also,  Alu- 
mina.) 

LEAD. 

Lead  can  be  reduced,  even  on  unfluxed  charcoal;  but 
much  more  readily  with  its  weight  of  carbonate  of  soda.  It 
deposits  oxide  on  the  charcoal  at  about  a  half  ineli  from  the 
test  sample,  wdiich  is  orange  yellow  when  liot,  and  sulphur 
yellow  wdien  cold*  Bismuth  deposits  a  very  similar  oxide,  so 
that  they  are  better  known  from  the  jihysical  characters  of 
their  minerals  and  metals.  Metallic  lead  is  easily  recognizAHi 
l)y  it«  well  known  color,  manner  of  fusion,  rainbow  streaks 
pWhen  in  fluidity  before  the  oxidizing  flame,  the  crystal liz.tion 

nd  color  of  its  oxide  on  the  ash,  by  its  Hatteui ng  to  a  very 
thin  disk  without  fracturing  the  edges,  and  by  its  toughness 
when  cut  or  repeatedly  bent.     Metallic  bismuth  is  brittle* 

Lead  may  be  dissolved  in  strong  vinegar,  or  by  dilute 
boilirig  nitric  acid  (say  water  1,  acid  1);  and,  when  thus  in 
galation,  it  is  precipitated  by  dilute  sulpburic  acid  to  a  sub 
phate,  or  by  hydro-chloric  acid  to  a  cidoride,  winch  should 
not  be  affected  in  any  way  by  ammonia*  These  wet  test^  are 
entirely  different  to  bismuth;  which  see. 
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also,  uuiler  wutor  treatment,  vary  ditlerent  in  eoh>r  and 
appearauce  to  those  of  biamuthj  which  serve,  to  a  remarkable 
degree,  for  discrimioating  what  are  otherwise  Bimilar. 


LIMK 


^ 


e 
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May  be  recognized,  in  its  commercially  valuable  componndg, 
as  follows: 

First  ascertain,  by  applying  the  blow-pipo's  flame  to  a 
small  piece,  not  larger  than  a  pin's  head,  when  held  in  the 
forceps,  tiiat  it  becomes  liiminoua  on  iU  sharp  edges;  that 
the  rtame  \s  transiently  Vjoidered  by  pink  (which  may  be 
shown  more  distinctly  when  moistened  by  hydro- ehlori 
acid),  sind  if  it  is  infusible,  for  the:se  are  some  of  its  qiialitiea 
and  if,  after  it  is  cold,  it  has  the  peculiar  caustic  lime  taste 
and  slacks  in  water  like  the  commercial  burnt  lime. 

Next,  it  (lifters  from  quartz,  and  all  the  Hinty  compoundB, 
by  being  porfeetly  infusible  with  carbonute  of  soda,  when 
subjected  to  intense  heat  on  charcoal;  the  soda  passing  into 
tha  coals,  leaves  the  lime  on  the  surface,  tmfused;  whilst 
quartz,  nnd  the  varieties  of  gilieioua  stones,  would  be  fused 
thereby  to  a  bead.  The  carbonate  of  magnesia  is  also  thus 
infusible,  becomes  luminous,  and  caustic,  but  lacks  this  color, 
and  docs  not  slack  in  water.  Lime  carbonates  etfervescc  in 
strong  acids.  Lime  sulplmte  may  be  detected  by  the  test  for 
sulphur,  as  well  as  by  its  peculiar  action  before  heat,  of  ^ 
immediately  swelling  to  a  flour-like  white,  and  crumbling 
into  *' Plaster  Paris/'  (See  Chapters  III  and  V,  on  examina- 
tions by  blow-pipe^  and  ordinary  testings  for  practical  men*) 
If  you  f^uspect  thjit  it  contains  both  lime  and  magnesia,  test 
tor  magnesia.     Quartz  scratclies  glass;  these  do  not. 


I 


The  best  test  for  magnesia,  when  free  from  metallic  oxides 
(and,  if  it  is  not  so,  avail  yourself  of  the  water  methods, 
fully  described  in  Chapters  III  and  V,  for  separation),  is  that 
of  first  masting  the  sample  on  charcoal,  before  the  blow- 
pipe's blue  flame,  and  then  nioistenuig  it  with  a  drop  of  the 
nitrate  of  cobalt  solution,  and  re-flaming  at  intense  heat  for 
a  short  time;  after  which,  if  magnesia  is  present,  a  browaish 
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ffitik  will  he  tlie  result,  when  the  mass  of  slag  becomes  quite 
cold.  Observe  that  the  Barnple  waa  not  thus  colured  after 
the  firwt  ignition,  by  heat  alone,  or  tliat  this  change  of  color 
was  really  prodticod  by  tlie  solution. 

It  is  infusible  before  the  blow-pipe,  on  chan'oal,  both  with 
or  without  earbonate  of  soda,  and  iti^  hard  kinds  are  thus 
distinguished  from  quartz,  and  the  flinty  stones,  which, 
though  infusible  alone,  are  quite  fusible  with  carbonate  of 
soda;  so  that,  w4ieu  a  small  piece  of  the  former  is  mixed 
with  carbonate  of  soda,  and  intensely  heated  on  charcoal,  the 
soda  sinks  into  the  coal,  and  leaves  tlie  magnesia  unaltered 
on  the  surface;  whilst  quartz,  and  the  other  silicions  ^ones, 
are  thus  fused  into  a  glass  ball.  It  does  not  now  slack  in 
water,  as  lime;  which  see. 

Dolomite,  a  metalliferous  rock,  composed  of  about  equal 
parts  of  lime  and  magnesia  carbonates,  is  so  similar  to  some 
of  the  lime  rocks,  that  the  blow-pipe  tests  are  scarcely  suffi- 
cient for  certainty,  when  the  following  wet  test  will  serve 
your  purpose:  Weigh  one  hundred  grains  of  the  pulverized 
Bample,  which  place  into  a  porcelain  dish,  basin,  or  tea-cup, 
ttad  add  about  thrice  its  volume  of  sulphuric  acid  thereto. 
This  acid  will  decompose  the  carbonates,  and  the  sulphate  of 
lime,  thus  formed,  being  insoluble  in  this  acid,  will  lie  at  the 
bottom  of  the  vessel;  whilst  the  sulphate  of  magnesia 
njnmins  in  solution.  After  allowing  it  to  settle,  |K)ur  otf,  or 
filter,  this  solution  into  another  basin,  and  evaporate  this  sul- 
phate of  magnesia  over  tlie  chimney  of  a  common  coal  oil 
l&mp  to  dryness.  The  first  may  be  well  water-washed,  dried 
over  the  tea-kettle,  and  weighed  as  sulphate  of  lime;  and 
tbe  second  may  be  moistened  with  water,  and  recognized  by 
the  peculiarly  disagreeable,  bitter  taste  of  Epsom  salts.  If 
00  other  earths  or  minerals  were  present,  its  quantity  may  be 
al*o  ascertained  by  calculating  from  equivalent  numbers, 
fouaded  on  the  quantity  of  lime,  or  its  corresponding  ear* 
bonate,  the  proportionate  remainder  t»f  the  carbonate  of 
Uiagtieeia.     These  crystals  may  now  be  tested  as  before. 


MANGANESE. 
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These  ores  are  found  (commercially  valuable)  as  oxides, 
which  are  from  reddish  brown  to  black,  varying  from  earthy 
13 
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to  a  resinoug  appearaDce,  laekinsj^  metallic  histre,  brni 
and  strt?akiiig,  eitlier  tlie  Banie  or  a  lighter  shade  oi'  the 
color.  It  resenibles  more  or  less  in  appearanee  gome  flintjl 
compounds,  tin  ores,  the  friahle  garnet  and  spineK  sonn?  iron 
ores,  and  certain  magnesian  rocks.  It  is  readily  distin- 
gniehed  from  the  flint.^,  tin  stone,  garnet,  and  spinel,  by  its 
inferior  hardnes^8  (not  Bcratehi ng  gla^s),  and  ft'om  all  minerals 
by  aftording  a  surprisingly  delii?ate  eharacteris^tie  greenish 
blue,  when  fused  with  carbonate  of  soda,  either  on  platinum 
foil  over  spirit  lamp;  in  platinum  or  iron  wnre,  before  the 
oxidizing  flame;  or  in  an  iron  spoon,  in  an  open,  clear  fire; 
this  is  by  far  itg  be^^t  reaction,  which  may,  liowever,  be 
further  corroborated  by  fusing  it  with  borax  in  the  same 
manner^  when  the  hot  glass  will  show  from  violet  to  am 
thyst,  and  the  cold  glass  reddisli  violet,  approaching  to  pu 
pie,  which  oppears  almost  black  when  in  excess. 

An  addition  of  a  very  small  crj'stal  of  nitre  increases  th 
color,  when  minute  cpiantities  are  present;  and  pulveriza- 
tion of  the  bead  exposes  the  thus  modifie*!  and  true  color 
of  the  glass,  when  in  excess,  much  easier  and  better  than 
flattening  w^ith  forceps,  so  often  recommended.  By  com^ 
pletely  eiielosing  the  borax  head  in  the  yellow  flame,  thil 
color  disappears.  As  nickel  gives  a  too  simihir  bead  witfc 
borax,  the  carbonate  of  soda  test  is  also  necessary,  for  abso- 
lute certainty. 

Manguncse,  boiled  with  sulphuric  acid,  when  in  veiy  small 
quantities,  may  be  detected  by  adding  lithargCj  which 
changes  the  solution  to  pitik. 


le 
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MBUCURY. 

Ita  principal  ore  is  the  sulphuret  (cinnabar),  which  is  froi 
light  to  dark  red,  always  pulverizing  very  easily,  and  mor 
like  a  drug  than  mineral,  to  bright  carmine  red.     Distin- 
guished from  the  red  iron  ores  by  this,  and  by  wholly  or  par- , 
tially  volatilizing  on  charcoal  or  on  red-hot  iron,  and  bj 
losing  its  red  color  at  a  moderate  heat,  as  it  is  more  or  les 
pure,  instead  of  becoming  red  and  magnetic  under  an  intense 
heat;  and  from  the  red  chiys  by  this  volatility,  by  not  adlieivl 
ing  to  the  tongue,  and  the  test  of  nitrate  of  cobalt  solution 


liiraina; 
the  green  flame,  aor  metallic  silver. 

All  the  componink  of  mercury,  when  fused  with  carbonate 
of  soda,  at  a  moderate  heat,  are  decuniporfed  and  reduced  to 
the  metallic  sUte,  which,  arising  iu  fumesj  are  again  speedily 
condeuf^ed,  at  a  nlight  decreas^e  of  temiierature;  so  that  if 
eokl  gold  is  placed  tliereiii,  the  amalgam  thus*  tormed  on  its 
"j^grhee  evinces  the  presence  of  mercury.  This  may  be  tested 
In  a  close  glm^  tube,  held  over  a  spirit  himp,  or  over  a  clean 
piece  of  red-hot  iron;  and  either  a  small  strip  of  gold  may 
be  held  in  the  tube  tor  amalgamation,  or  the  cold  tube  may 
be  rul)bcd  with  a  stick  of  clean  wood,  an  iron  wire,  or  glass 
rod,  when  the  bright  mercury,  by  being  thus  scraped  into 
ridges,  may  be  seen  on  the  gUiss.  This  may  bo  varied  to 
suit  your  tools,  as  in  an  iron  spoon,  in  a  tea-cup,  etc.,  etc.,  or 
m  described  at  pages  166  and  167. 

Cinnabar  bruises  very  easily,  giving  to  the  water  a  bright 
and  peculiar  carmine  red,  which  pas^ses  all  away  with  the 
water  into  the  second  vcs.sel,  by  repeated  pulverizations,  and 
must  be  there  cstimutcd;  wliilst  the  ligliter  and  less  friable 
gangue  ret^idue  can  l>e  separated  by  being  swept  over  the 
margin,  as  convenient.  Native  amalgam  of  mercury  and 
silver  may  be  known  by  the  amalgaouited  gohl  surface,  which 
must  not  rub  oflf  as  graphite  wnjidd,  but  iniss  away  by  heat 
alone. 

The  red  solution  may  be  filtered,  dried,  and  weighed;  or 
allowed  time  to  settle,  then  decanted,  dried,  and  weighed. 


MICA. 

This  mineral  is  widely  distri  bu ted.  Associated  wntli  qnaitz 
and  feldi?par,  it  forms  the  dark,  glassy  constituent  of  tlie 
granites;  and  in  more  minute  scales,  seen  by  a  lens,  the  sim- 
ilar ingredient  of  mica  schist  (metamorphosed  crystallized 
tiato):  as  w^ell  as  in  numerous  other  mixed  tbrmations  from 
primitive  elements,  in  the  secondary  rocks.  It  is  generally 
colored  by  iron  from  light  silvery  gray  to  brownish  gray,  or 
from  olive  green  to  black,  but  is  sometimes  gohien  yellow. 
The  miner  i 


study 


by 


ttse  of  a  sharp  knife,  a  lens,  and  blow-pipe;  he  will  see  that 


it  is  easily  cloven  into  very  thin  scales,  wliith  are  elastic 
(hornblende  is  lum-elastif) ;  it  is  infusible,  ami  whitens  before 
bluw-|>ipe  (liorublenrle  is  thus  fu^^ed  to  from  green  to  a  dark 
green  and  black  globule);  it  is  also  softer  than  horablende. 
Sped  tie  gravity  2,8  to  3,     Hardness  from  2  to  2,5. 

Tmnsparent  plates  of  mica  Iiave  been  found  in  the  United 
States  of  America,  two  or  three  feet  in  diameter. 

The  cleavage  is  parallel  to  the  facets^  and  it  crystallizes 
either  rhombic  or  hexagonal.  Its  composition  but  ditfers 
from  hornblende  by  having  potash  instead  of  the  alkaline 
earths,  lime,  and  magnesia.  Talc  is  more  soapy,  and  its 
scales  are  not  elastic.  Gypsum  bruises  wiiite,  whitens  by 
heat  at  a  much  lower  temperature,  crumbles  into  "Plaster 
Paris/'  and  gives  the  sulphur  reaction  on  silver,  when  fused 
with  carbonate  of  soda. 

MOLYBDEKITE. 

Sulphnret  of  molybdenum  ie  of  very  similar  appearance^ 
softness,  and  color,  to  graphite.  It  is,  however,  a  rare  min- 
eral, and  named  here  more  to  distinguish  it  therefrom  than 
for  profitable  usefulness  in  itself. 

Its  general  color  is  lead  gray,  and  thus,  it  is  more  constant, 
than  graphite.  It  is  partially  sohibie  in  nitric  acid,  leaving 
a  gray  residue.  It  ia  also  more  than  twice  the  speciiic  grav- 
ity, being  about  4,6.  It  gives  the  sulphur  reactions,  and 
diminishes  almost  one-half  its  weight  on  being  roasted. 
Graphite  does  neither ;  wbich  see. 


NICKEL, 

This  mineral  is  profitably  obtained  from  the  arsenical 
nickel,  called  "copper  nickel,''  its  color  being  a  lustrous  pale 
copper  red,  with  a  somewhat  darker  streak  and  powder. 
When  water-washed,  its  high  specific  gravity  of  about  7.5 
favors  its  examination  and  estimation,  which  is  further  facili- 
tated by  its  peculiar  appearance  and  speedy  reduction  to 
white  metallic,  magnetic  scales,  with  carbonate  of  soda  on 
charcoal,  w^hich  is  not  coated  with  the  white  or  yellow  oxides 
of  antimony,  zinc,  tin,  lead,  or  bismuth.  It  may  be  other- 
wise detected,  in  all  forms,  better  by  its  difterences  with 
those  minerals  that  are  also  subject  to  be  reduced  to  their 
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agnetie  actions,  aa  iron,  manganese,  and  cobalt,  in  com- 
mon with  iron  and  cobalt,  it  is  magnetic;  but  the  color  of 
the  borax  bead  with  nickel  being  reddish  brown  in  oxidizing 
flame,  that  of  iron  bottle-green,  and  cobalt  blue,  are  all  suffi- 
cient with  these.  Manganese  very  ofkeii  contains  iron,  which 
gives  the  magnetic  action  to  the  sample,  the  color  at  the 
same  time  being,  with  borax,  too  similar  to  nickel;  bo  that 
the  collaterul  tests  of  carbonate  of  Hoda,  both  for  the  green- 
ish blue  bead  from  manganese,  and  reduction  to  the  magnetic 
Bcales  of  metallic  nickel  on  charcoal,  must  be  resorted  to,  for 
greater  surety.  The  fused  slag  must,  for  the  latter  test,  be 
finely  pulverized,  and  examined  by  the  water  concentration 
method,  assiflted  by  a  magnifying  glass,  as  fully  described  at 
pages  152  and  153,  for  fire  and  water  treatments. 


PETROLEUM 

Is  a  reddish  brown,  oil-like  liquid,  lighter  than  water,  and 
fiomewhat  similar  to  tar,  which  is  more  or  less  found  in,  or 
flowing  from,  natuml  wells,  in  all  countries,  but  more  partic- 
ularly in  and  around  large  or  small  coal  tields.  It  has  natu- 
rally a  somewhat  disagreeable  bituminous  odor;  it  is  inflam- 
mable, and,  during  combustion,  erait^  a  thick  black  smoke. 
The  black  residue  being  weighed,  gives  the  quantity  of  unin- 
flammable matter  present,  and  its  comparative  quality;  which 
residue,  on  being  heated  to  redness  in  a  clean  vessel,  further 
exposes  the  kinds  and  quantities  of  the  non-gaseous,  inor* 
ganic  remainder. 

Its  composition  varies  from  accidental  ingredients;  but  it  is 
essentially  a  hydro-carbon.  By  distillation,  it  produces  naph- 
tha, a  colorless  or  slightly  yellow  liquid  that  floats  on  water, 
composed  of  carbon  8:i.2,  and  hydrogen  14.8,  which,  by 
exposure  to  air  and  light,  thickens,  and  again  becomes  brown 
petroleum;  which  latter,  by  further  exposure,  and  oxidation, 
becomes  elastic  bitumen,  and  compact  bitumen,  of  specific 
gravity  from  1  to  1,6,  and  earthy  bitumen,  or  asphaltum,  when 
earths,  etc.,  become  mixed  therewith* 

Good  pmctieal  tests  are,  boiling  the  sample  in  water,  to 
ascertain  if  it  will  separate  and  float  on  the  surftR^e;  careful 
ignition,  for  quantity  and  quality  of  flame;  and  subsequent 
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Always  found  in  the  metallic  state;  accompanying  gold  m 


surface  washiugs,  but  not  io  veins. 

Similar  in  texture  and  appearance  to  nickel  and  malleable 
iron,  but  ju.st  somewliat  more  nih^erdike  tban  tlie  latt-er;  it 
is  not  attracted  by  the  magnet,  and  is  thue  distinguislied  frotii 
them.  Insoluble  in  sulphuric,  nitric,  or  hydro-chloric  acids^ 
which  separate  it  from  all  the  base  white  metals  and  tlieir 
alloys.  It  is  soluble  in  aqua  regia  (which  is  composed  of  one 
part  nitric  acid,  and  from  one  to  four  of  bydro-chluric  ocid), 
and  again  precipitated  yellow  by  potash  or  ammonia;  chlo- 
ride of  ammonia  (sal  ammoniac)  also  precipitates  it  yellow, 
which  can  be  reduced  by  heat  to  spongy  platinum. 

This  metal  is  infusible  with  the  ordinary  heat  prodneed  in 
furnace,  or  before  the  blow-pipe,  both  with  and  without 
fluxes;  but  it  can  be  readily  fused  in  the  oxy- hydrogen 
blow-pipe  flame. 

PaECIOUS   STONES. 

The  Diamond  {which  is  pure  carbon)  — x\Iay  be  considered 
to  stand  foremost  amongst  the  c»j»mmereial!y  valunhle  gems. 
It  is  either  transparent  and  colorlessj  or  variousl}'  colored, 
and  consequently  less  transparent,  as  yellow,  blue,  green, 
rose,  brown,  and  very  rarely  black* 

It  is  the  hardest  of  all  gems,  10,  specific  gravity  from  3.48 
to  3.55;  and  always  found  crystallized  in  octahedrons,  dode- 
cahedrons, and  numerous  corresponding  additiomd  facets, 
which  facets  nearly  always  difter  from  other  gems  by  being 
slightly  convex.  Where  the  edges  of  the  crystrd  are  imper- 
fect, a  lens  shows  that  they  have  l>cen  broken,  and  not 
worn,  off. 

It  may  he  best  known  l>y  its  scratching  the  hardest  flint, 
as  well  as  all  the  gems;  by  being  infusible,  and  unchanged 
(within  any  reasonable  time)  before  the  blow-pipe,  even  with 
fluxes  {fjuartz  and  silicates  being  more  or  less  fusible  with 
carbonate  of  soda) ;  by  being  insoluble  in  all  acids  (even 
hydro-fluoric,  which  readily  attacks  quartz  and  the  silicates); 
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kgrlti  ipwifie  gravitv;  brilliant  reflectiong  af  light;  and  by 
iMmiiitig  electric  in  ita  aatural  couditiou,  when  rubbed  chi 
doA,  ehown  by  its  attractino:  small  pieces  of  paper  or  other 
•uitalilt  aobstance  (which  no  other  gam  will  do  beford  it  has 
been  polished  by  artificial  means).  It  is  mostly  found  in 
alloTial  washings,  m  similar  positions  to  gold,  platiuum,  etc* 

EHLiULn  (Beryl) — ^ Crystallines  in  long  hexagonal  prisms, 
with  singular  terminations  (but  not  mitred  from  side  fcieeta, 
sa  quartz).  Color,  green;  beri/l  being  sometimes  from  blue 
to  yellow;  lustre  vitreous;  from  transparent  to  translucent 
ttid  opaque.  Hardness  from  7.5  to  8.  Specific  gravity,  2.65 
i<»  2.75,  Brittle,  with  conchoidal  (uneven)  fractui^e.  The 
traospareut  kinds,  in  small  pieces,  become  clouded  before 
the  flame  of  the  blow-pipe,  and  with  increased,  continued 
Wt,  assume  mother-of-pearl  appearances, 

Dn  Thompson  gives  tljeir  composition  as  2  atoms  ter- 
tilteate  of  alumina,  and  1  atom  tersilicate  of  gluciiia;  the 
former  is  colored  by  the  oxide  of  chromium,  and  tbe  latter 
hy  the  oxide  of  iron. 

It  difiei^  from  green  tourmaline  in  hardness  and  crystal- 
lization, and  from  euelase  and  topaz  by  its  uneven  frat^ture, 
tiiej  possessing  more  regular  cleavage. 

Precious  or  Noble  Opal  —  Is  a  beautiful,  milk-colored 
g^m,  thiit  also  exhibits,  in  the  light  of  day,  a  ehanging  inte- 
rior play  of  the  pearUike  colors,  green,  blue,  yellow,  and  red, 
^liich  become  yellow  by  tninsmitted  light,  and  are  sufficient 
*ft  tbem-^elves  for  the  rocagnition  of  this  peculiar  stone. 

It  is  composed  of  soluhlo  silica,  and  a  varying  (juantity  of 
**Wr:  sometimes  as  much  as  ten  or  twelve  per  cent. 

Iti  specific  gravity  is  about  2.2,  hut  varies  with  the  quan- 
tity of  water  present.     Hardness  from  5.5  to  6.5. 

It  in  not  BO  hard  a^  quartz.  It  is  infusible  alone  on  char- 
coal^ but  fuses  with  etterve^ceoce,  with  carbonate  of  soda,  to 
a  clear  bead.  It  may  be  di^j^olveJ  in  hoiliug  liydrute  of 
potos^a,  and  again  precipitated  by  sal  ammoniac.  Qivcis  off 
Water,  when  heated  in  glass  ttibc  or  before  the  blow-pipe, 
tbat  may  be  cauglit  and  coudorised  iti  a  glacis  tube. 

Sapihurk  (CoftUNDCM). — ^This  gem,  when  perfectly  white, 
neems  to  be  pure  alumina  (aluminum  53.29,  oxygeu  40.71). 
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It,  boweverj  consists  of  two  precious  varieties,  the  sappW 
proper,  and  the  oriental  ruby.  Tlie  former  has  a  specil 
gravity  of  from  3.9  to  3.97;  the  latter  of  somewhat  leii 
There  ia  also  a  common  corundum,  and  ordinary  emeiy. 

"Sapphire  has  obtained  several  names,  dependent  on  i 
color  and  Inetre:  the  transparent  or  tranahicent,  white 
fhire;  the  blue,  arimial  sapphire;  the  red,  oriental  mh^;  tl 
yellow,  oriental  topaz;  the  green,  oriental  cnierald;  viol 
oriental  amethyst;  tlie  greenish  blue,  oriental  aqua-marine;  wii 
pearly  reflectionf?,  the  chatoyant  or  opalescent  sapphire ;  vfh 
transparent,  and  witli  a  pale  reddish  or  bluish  reiiectioi 
ffirasat  sapphire.  Some,  when  cut  m  eabochon^  present  a  ei 
very,  star-like  opalescence  of  bijc  rays,  in  a  direction  perpei 
dicular  to  the  axis ;  this  variety  is  termed  Asteria.  The  sain 
crystal  occasionally  exhibits  the  union  of  two  or  three 
these  diftercnt  colons/' — William  Phillips. 

It  occurs  in  variously  terminated  six-sided  prisms^  f 
stands  at  9  (being  next  to  the  diamond)  in  the  scale  of  har< 
ness.  It  is  unaltered,  even  when  in  powder,  before  the  bloi 
pipe*8  flame,  on  naked  charcoal ;  but,  when  fluxed  with  bam 
it  fiises  with  difficulty  into  a  colorless  glass.  It  is  uaaftecti 
by  acids.  Transparent  pieces,  when  polished,  become  ele 
trie  by  friction,  and  retain  this  property  for  some  time, 
maybe  distinguished  from  the  diamond  and  ^eircon  by  speeiJ 
gravity,  crystallization,  hanlnesfl,  and  fusibility;  which  see. 

The  oriental  ntby  is  most  beautiful  and  valuable.     It  vari 
from  a  ix>s€  to  a  blood-red  color,  of  similar  crystallisatioi 
and  the  other  enumerated  featuix^s.     In  addition  to  these, 
becomes  green  when  highly  heated,  and  returns  to  its  origim 
color  when  cold.    The  green  sapphire  is  thus  unchanged. 

Corundum  stone  and  emery  are  of  but  ordinary  beauty 
and  low  commercial  value. 

Topaz — Is  a  stone  of  inferior  hardness  (8)  to  all  tlie  pr 
ceditig,  excepting  opal,  and  of  specific  gravity  from  3.49 
3.56.  Color  pale  yellow,  or  various  pale  tints  of  blue,  greei 
or  red.  Lustre  vitreous.  Streaks  wliite.  Not  aftoeted  b 
acids.  Infusible  without  flux,  but  with  borax  it  slowly  niel 
into  a  transparent  glass.  Occure  massive,  rounded,  and 
right  rhombic  prisms,  in  primitive  rock.    It  beeomea  electi 
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fSSlarized  by  being  heated  to  rediieasi,  and  retains  shape 

bad  transi^arency;    whilst  tourmaliDe,  which  also  becomes 

uleotric,  wbitena,  and  ewells;  but  its  specific  gravity  is  from 

1to  8,1.     Its  bright  transverse  fracture  is  also  a  distingaish* 

feature,  against  the  otherwise  similar  niinemls.     Tour* 

Jine  is  almost  invariably  corrugated   lengthwise   on  its 

fiiceU,  and  breaks  transverse Ij^,  with  a  resin- like,  uneven, 

granular  tra^tu re,  which  is  frequently  speckled  with  different 

sha^les  of  color,  as  seen  through  a  lens. 

The  Saxon  pale  yellow  topazes  are  not  rendered  electric 
by  heat,  and  some  other  Brazilian  topazes  are  changed  to 
red  when  placed  in  the  lire. 
Topaz  is  composed  of  alumina  58.38,  silica  S4.01,  fluoric 
7.79,  from  an  analysis  by  Berzelius, 

TuRQUOis — Is  a  beautiful  stone,  that  varies  in  color  from 

apple  green  to  sky  blue;  it  is  somewhat  similar  to  malachite 

■    in  mode  of  occurrence,  texture,  fracture,  and  general  appear- 

^htice,  and  to  silicate  of  copper  for  greater  infusibility  and 

^Bmolubility,     It  may  be  easily  known  from  the  former  by 

pieing  more  gritty  between  the  teeth,  and  from  the  latter  by 

changing  to  brown  when  enclosed  and  strongly  heated  in  the 

reducing  flame   for  a  few  minutes,   as  the   silicate  would 

become  white, 

I  It  loses  its  color  in  hydro-chloric  acid  (muriatic),  but  does 
W  effervesce  like  malachite,  nor  is  it  near  so  heavy  or  so 
•oft,  its  gravity  being  from  2*6  to  3  (malachite  being  3.»5  to 
^•5),  fmd  it<8  hardness  from  5  to  t>  (malachite  being  from  3*5 
The  residue  from  acid,  after  being  well  washed  with  water, 
gi^^e?*  the  alumina  reaction  with  nitrate  of  cobalt.  (See  Alu- 
niiria^)  Silicate  of  copper  merely  becomes  white. 
Turcjuois  also  gives  much  constitutional  water  when  heated 
'  low  redness  in  a  thin  glass  tube  over  a  clean  flame,  which, 
^ith  ita  coloring  element,  copper,  that  can  be  detected  by 
kjdro-chloric  acid  and  blow-pipe's  flame,  serves  to  separate 
ifrom  other  preceding  jems. 

It  is  compof^d  of  alumina  44.5,   phosphoric  acid  30.^, 
iie  of  copper  3J5,  oxide  of  iron  1.8,  water  19  =  99*95. 

I  ZlMOif  (Silicate  of  Ziecoku). — This  stone  crystallizes  as 
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a  flat  octalicdron,  with  its  angles  vanousJ 

and  ill  the  resiii-like  shades  of  color,  which  streaks  white,  it 

closely  resembles  the  oxide  of  tin,  as  well  as  the  diamond. 

Composition,  zircouia  07.10,  silica  33.48» 

It  is  not  of  great  value  as  a  gem  ;  but  it  is  necessary  to  be 
enabled  to  distinguish  it,  more  particularly  from  the  diamond. 
When  heated  in  a  close  vessel,  with  lime,  they  become  pale^ 
yellow,  and  are  then  often  used  as  diamonds. 

Its  specific  gravity  is  from  4,5  to  4.7.     llardness  7.5.     Like^ 
the  diamond,  it  is  partially  infusible  before  the  blow -pipe, 
merely  losing  color;  but,  unlike  the  dtamondy  it  mmf  bt-  fused  m 
uitk  borax  to  a  transparent  glass,  and  strong  hydro-chloric" 
acid  etches  a  mark  on  its  Burface.     Tin  oxide  yields  a  yel- 
lowish white   oxide   on  charcoal,  which  is  deposited  close 
around  the  sample,  and  is  reduced  to  metal  by  cyanide  of  ^ 
potassium,  and,  being  much  heavier,  is  readily  distinguished^ 
by  comparafke  water  treatment.     Its  specific  gravity  is  also 
greater  fhfm  (he  diamond  and  all  other  gems  (the  diamond  being 
but  3.55). 

The  first  examinatio?}y  for  approach  to  the  true  stone^  may  be  for 
specific  gravilg^  whiek  at  least  will  render  ^tiant/  trials  unnecessary^ 
by  tellifig  you  what  the  gem  cannot  be. 


QUARTZ 

May  be  distinguished  firom  all  other  vein  stones  by  its  insol- 
ubility in  all  acids,  except  hydro-fluoric;  by  its  hexangular 
crystallization;  by  freely  scratching  glass:  infusibility  and 
unchangeabteness  on  charcoal,  without  flux ;  and  by  itafl 
prompt  fusibility  with  carbonate  of  soda.  (See  chapters  on 
Discrimination  of  Vein-stones  for  further  illustration.) 

Although  it  is  generally  white,  it  has  many  shades  of  colorj 
and  enters  into  various  flinty  combinations. 

It  pulverizes  more  harshly  and  slowly  under  the  pestli 
than  any  other  matrix  vein-stone,  particularly  displayed  by 
comparison,  after  having  been  roasted. 


SILVER. 


The  globule,  wdien  placed  on  a  clean  bone  ash  cup< 
before  the  blow-pipe's  blue  flame,  for  a  few  seconds,  should 
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)  oxide  from  base  metals,  on  the  white  ash.     A  hut- 

toiA^  that  has  been  entii'cly  freed  from  tlie  base  niotals,  will, 

dai-itig  the  period  of  cooling,  exudate  warty  protuberances, 

that  imlicate  pure  silver;  these  may  be  lessened  by  slower 

refrrgeration.     It  deposits  a  red  oxide,  in  time. 

The  frosty  white  silver  globule  flattens  much  harder  than 
\ead,  but  also  with  perfect  edge  to  a  thin  disk.     Rapidly  dis- 

*lvt*d  in  boiling  nitric  acid,  without  residue.     The  silver  is 
;uin  precipitated  by  hydro-chloric  acid,  and  by  common 
salt,  which  changes  it  to  a  milky  liquid,  or  precipitates  as  a 
white  chloride,  as  less  or  more  silver  is  present 
I        These  chlorides  are  insoluble  in  acids,  in  comnioo  with 
Hlead  and  mercury;  but  the  chloride  of  silver  being  com- 
^^pleU*ly  soluble  in  ammonia,   whilst  mercury  is  blackened 
oiilvj  and  lead  is  unchanged,  it  is  used  as  a  means  for  dis- 
Jcriininating  each  when  in  solutioD.     (See  sulphur  and  soda 
u)    There  are  other  tests,  but  these  are  reliable, 
■ight  silver  tarnishes  to  brownish  yellow^  when  placed 
tafco  the  yolk  of  an  egg  and  boiled,  ii-om  its  affinity  for  the 
aulphar. 

FOAPSTOKE    (steatite) 

^  of  similar  chemical  composition  to  talc  {silicate  of  magne- 
*ift),  but  is  more  compact  and  slate-like  in  texture.  It  is 
generally  nearly  white,  more  or  less  colored  by  green  or 
Muidi  green.  When  tirst  excavated,  it  feels  very  soapy; 
^^%  on  being  exposed  to  a  strong  heat,  it  becomes  less 
^ctuou^. 

ili  is  a  good  fire-stone,  and,  as  it  is  easily  wrought  into 
riiape,  it  becomes  serviceable  for  smelting  purposes. 
It  gives  the  inagnesian  reaction  with  cobalt  solution,  when 
^fefu lly  conducted.  Differs  from  chlorite  by  being  of  lighter 
Bhade  of  green,  and  after  they  are  first  powdered,  and  dried 
^ver  boiling  water,  by  yielding  no  constitutional  water,  when 
neated  in  a  glass  tube  over  alcohol  lamp,  at  a  high  tempera- 

|t"re;  chlorite  coating  the  cold  upper  part  of  the  interior  of 


SODA 


I^  generally  found  as  carbonate  or  chloride,  which  arc  both 
soluble  in  water,  giving  alkaline  reactions,  known  by  their 
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peculiar  tiistes,  and  by  coloring  the  flame  strongly  yellow 
tlie  carbonate  eftervesces,  even  in  weak  acids,  such  as  are 
generally  found  about,  as  acetic,  (vinegar),  eitric,  tartaric,  etc. 
The  manganese  bead  therewith,  of  greenish  blue,  is  a  mutual 
test  for  both. 

It  may  be  also  proven  by  you  in  the  iron  spoon  test  for 
sulphur,  by  mixing  it  with  a  known  sulphurct,  or  w^ith  the 
end  of  a  sulphur  match,  pulverized  therewith,  kneaded  into 
a  paste,  fuacd  on  coal,  or  in  the  spoon,  and  placed  on  a  moist- 
ened silver  coin;  this  brownish  black  stain  being,  of  course, 
a  test  ftjr  both.  The  common  salt,  after  having  given  the 
yelloT  flame,  may  be  tested  in  the  manners  described  for 
chlorine,  or  by  nitrate  of  silver  solution.  (See  Silver.)  Also, 
when  in  crystals,  by  decrepitation* 


SULPHUR. 


4 


The  most  easy  test  for  sulphur  is  by  roasting,  and  smelling 
the  sulphurous  fumes  evolved  during  eitlier  of  the  methods 
described  in  the  chapters  on  discrimination. 

The  best  test  is  that  of  forniing  a  soluble  sulphate,  by 
fusing  with  carbonate  of  aoda  on  charcoal,  before  blow-pipe's 
flame,  or  in  an  iron  plate,  or  iron  spoon,  in  open  fire,  and 
placing  it  on  a  moistened  silver  coin.  The  smallest  quantity 
thus  treated,  by  staining  the  coin  from  light  brown  to  brown 
black,  reveals  its  presence.  9 

This  is  facilitated  by  first  dipping  the  silver  coin  in  boiling 
water,  or  warming  it  over  a  hot  iron  or  a  clear  flame  iix>m  a 
lamp,  as  this  slight  additional  temperature  greatly  increases 
the  affinity  of  sulphur  for  silver,  (See  chapters  on  discrimi- 
nation by  blow-pipe,  and  by  more  ordinary  ikcilities  in  thje 
new  methods  for  practical  men.) 


m  ttio 


TALC    (SILtCATE    OF   MAGNESIA) 

Is  a  soapy  mineral,  that  varies  in  color  from  white  through 


the   shades   of   green, 


showing 


an   unusual  pearly   lustre. 


ITnlike  mica,  in  being  non-elastic.     Its  laminae  are,  however, 
flexible,  and  so  soft  that  they  may  be  scratched  by  tlie  nail. 

It  frequently  occurs   in  a  divergent,  foliated,  specimen 
form ;  but  its  valuable  properties  for  the  miner  are  more  par- 
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icmarlv  displayed  bj  ita  general  diftsemination  in  the  talcose 
fllateii  of  the  gold  fields.  In  Caiiforaia,  it  is  also  tbond  more 
or  less  pure,  in  massive  beds  and  dikes;  the  exterior  tiicea 
being  more  or  leas  conchoidal,  of  pearly  smoothness,  and  in 
variegated  shades,  from  white  to  green,  on  the  same  face  or 
Btone,  Those,  being  of  a  mixed  compoisition,  are  generally 
much  harder. 

Impalpahly  fine  mechaincally  suspended  talc  frequently 
accompanies  chlorite  and  clay  on  the  walls  of  mineral  veinSj 
that  traverse  talcose  clay  slates,  and  is  regarded  as  an  equally 
favorable  indication ,  as  explained  in  Section  I,  Chapters  VI, 
Tit,  and  VIII. 

TKLLUKIUM 

la  of  tin-white  color,  and  is  sometimes  found  in  natural 
iBetallic  condition.  It  burns  green,  and  almost  entirely  vol- 
atilizes as  a  dense  white  vapor,  before  the  blow-pipe's  blue 
flame,  which  deposits  its  yellowish  white  oxide  on  charcoal; 
this  oxide,  being  re-heated  where  it  lies,  before  the  blue 
flame  from  blow-pipe,  again  passes  away  with  a  peculiar 
green  flame.  These  volatilizations  of  metal  and  ores  can  only 
be  efl:ected  at  a  high  temperature,  as  compared  with  metallic 
»Uid  mineral  antimony,  arsenic,  sulphur,  and  bismuth. 

Its  ores  are  those  of  graphic  tellurium,  yellow  tellurium, 
and  black  tellurium. 

The  first  of  which,  from  an  analysis  by  Klaproth,  yielded, 

of  telluritim  60,  gold  30,  and  silver  10,     It  has  been  found  in 

iBmall  quantities  in  the  quartz  veins  at  Offcnbanya  and  Nag- 

'yag,  Transylvania;   and  in  much  more  profitable  quantity 

•at  Carson  Hill,  Calaveras  County,  California,  where  it  occurs 

in  the  veins  of  the  New  Melones  Gold  and  Silver  Mining 

Company.     This   Californian    ore    of   tellurium    is   mostly 

graphic,  but  sometimes  black  tellurium  is  intermingled.     It 

m  of  a  more  or  less  tarnished  steel-gray  color.     Its  specific 

gravity  is  about  5.7,  and  it  ranges  in  hanlness  from  1.5  to  2* 

The  second  [yi^Wovf  tellurium),  from  an  analysis  of  the  same 

authority,  is  composed  of  tellurium  44.75,  gold  26J5,  lead 

19*50,  silver  8.50,  and  sulphur  .5;  the  latter  being  accidental, 

[it  stands^  by  Berzelian  formula,  as  telluret  of  gold,  lead,  and 

I  eilver 
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The  third  (black  tellurium),  from  four  exaniinations  mn^ 
by  Kluproth,  Brandesj  Bertliier,  inid  G.  Hose  (wheie  the  two 
fii-st  only  apjiroiieh  to  ^iniilarity  of  aiialygin),  the  qiiaDtity  of 
telhiriuni  varieB  fi'om  18  to  SH.37,  ttic  lead  from  60  to  85  per 
cent.,  the  gold  from  0  to  \\  the  Bilver  from  0  to  1,28,  copper 
from  0  to  1.3,  antimony  from  0  to  4.5,  and  sulphur  from  0  to 
11.7.  Such  difterencea  but  serve  to  show  that  the  mimples 
were  either  not  well  selected,  or  were  of  unsettled  constitu- 
tional forma,  and  that  most  of  the  other  minerals  merely 
happened  to  be  present.  The  last  analysis,  of  G.  Kose,  gave 
88,37  of  tellurium,  tJ0,85  of  le/id,  and  a  probably  chance 
qiiantity  of  1,28  silver;  thus  phiciiig  it  as  a  bi-teiluret  of  lead. 
Therefore,  its  specific  gravity  is  in  this  pure  state  8.16,  and 
its  color  tin-white;  but,  as  may  be  supposed,  it^  specific 
gravity  varies  down  to  7,  and  ita  color  to  ver}^  dark  lead  gray 
and  iron  Idack,  as  black  tellurium  and  the  otlier  minerals  are 
more  or  less  present.     Its  hardness  varies  from  1  to  1.5,      ■ 

These  ores  are  valuable  for  the  precious  metals  they  con- 
tain, and  may  l)e  best  recognized  by —  ■ 

1.  Their  dense  white  fumes  at  high  temperature,  the  gree? 
color  produced  before  the  blue  flame  when  its  white,  or  (if 
lead  is  present)  brownish  yellow  oxide,  i»  re-flamed* 

2.  The  white  oxide  deposited  in  the  upper  end  of  a  close 
glass  tube,  when  tlie  mineral  is  subjected  to  a  heat  that 
ahnost  melts  the  glass  (being  moch  higher  than  arsenic,  bis- 
muth, sulphur,  antimony,  or  mercury);  which,  on  being 
re-heated  in  this  state  and  position,  qoietly  fuses  to  colorless 
globules,  or  in  minute  orbicular  patches.  It  evolves  no 
smell,  unless  selerium,  sulphur,  or  arsenic  is  also  present, 

3.  Each  kind  may  be  separated  by  a  lead  a^say  with  ca 
bonate  of  soda  (1  part  of  ore  to  3  parts  of  the  carbonate) 
and  subsequent  cupellation,  which  informs  you  whether  it 
a  telluret  of  gold  and  silver^  itUhmd  lead;  a  telUiret  of  gold 
Silver,  ami  lead;  or  the  bi-telluret  of  lead  alone,  as  well  as  tW 
ratios  or  quantities  of  each  metal. 

Tellurium  may  be  also  detected,  in  nil  its  combinations,  by 
first  fusing  a  finely  pulverized,  intimate  mixture  of  the  ore 
with  half  its  volume  of  carbonate  of  soda  and  charcoal,  at  a 
full   red   heat,  in  a  close -ended  tube;    and   then,  after  it 
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pomes  f|iiite  cold,  to  dissolve  the  telluride  of  sodium  tlms 

Rornied  in  a  few  drops  of  hot  water,  when,  if  the  substance 

tciiitaiiied  tellurium,  this  water  will  be  colored  from  a  more 

or  less  dark  amethyst  to  purple,  according  to  the  quantity 

X^rcsent  io  the  ore.     An  old  tea-cup,  crucible,  or  clean  iron 

a^oon,  may  he  naed  for  this  purpose,  if  you  have  uo  test  tube. 


TIN 

Is  invariably  obtained  from  its  oxide,  which  may  be  known 
loy  various  tire,  water,  and  acid  tests,  much  better  and  easier 
Bt^han  bj  any  of  its  physical  characters. 

H^    First  concentrate  in  a  porcelain  di^h,  cup,  saucer,  plate,  or 
^^^asin,  or  on  a  Corniah  vanning  shovel,  in  a  horn,  prospector's 
pan,  or  Mexican  battea,  and  notice  its  head  position,  and 
■  peculiar  resistance  to  the  water's  sway;  its  color  when  pul- 
verized,  which  varies   trom   almost  wdiite   to  dark   brown, 
through  all  the  shades  of  resin;  and  its  remarkable  rough- 
.  ness  under  the  finger.     If  quartz  and  some  other  mineral,  of 
5ut  5  or  6  sjieeific  gravity,  and  of  different  appearance,  are 
present,  it  may  be  well  to  add  them,  for  the  sake  of  com- 
paring  the  superior  specific,  gravity  of  the  tin  oxide. 

Knowing  by  tliis  means  that  a  mineral  is  present  that  thus 
fiir  resemliles  tin  ore,  next  rcjast  at  a  low  red  heat,  in  an  iron 
spoon,  ladle,  seorificr,  or  crucible,  for  a  half-hour,  stirring, 
the  while,  wnth  a  small  wire.     After  it  becomes  cold,  pulver- 
ize to  an  impalpable  powder,  and  re-wash  until  the  water 
ceases  to  pass  off  red  (caused  by  oxide  of  iron,  which  bruises 
away  in  water),  and  the  residue  looks  resinous  and  entirely 
free  from  other  matter. 
Unless    the    rare    tungstate    of    iron    is   present — which 
I        must  be  dissolved  in  hydro-chloric  acid  —  tbls  residue  is  tin 
B  Oxide.     Tin  may  be  distinguished  and  separated  frani  all  the 
~   irons  by  being  insoluble  in  aqua  regia;  the  iron,  being  solu- 
ble, passing  away  in  the  liquor.     Garnet  and  spinel,  pow- 
dered as  wa^Il  as  in  the  stone,   apart  from  crystallization, 
and  the  *^precioua  stone,  zircon/'  which  also  crystallizes  in 
similar  form,  closely  resemble  tin  stone;  but  these  would  have 
passed  away  in  the  water,  over  the  margin  with  the  quartz; 
therefore,  a  resin-like  stone,  that  is  unaftected  by  red  heat, 
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tbe  pestle,  water,  and  acids,  is  the  oxide  of  tin;  whieli  may 
still  furtlior  proven  by  nitrate  of  cobalt  solution,  protlocii 
a  bluish  green  on  charcoal ;  zinc,  being  thus  treated,  ahowii 
green;  luit  this  ore  would  not  be  now  present* 

Metallic  tin  is  heard  to  crackle,  when  bent  in  close  pro: 
imity  to  the  ean     (See  Zinc.) 

ZINC. 

The  oxide  produced  by  the  oxidizing  flame,  when  a  sampi 
is  heated  on  charcoal,  is  yellow  when  bot,  and  white  whe; 
cold.  If  a  stone  of  zinc  ore  is  calcined  in  an  open  fire,  the 
copious  white  fumes  that  arise  will  coat  cold  substances 
white,  which  oxide,  on  being  warmed,  becomes  yellow. 

The  oxide  of  zinc  produced  on  charcoal,  when  moisten 
wnth  nitrate  of  cobalt,  and  re-flamed,  readily  forms  perfcctl; 
green  and  more  extensive  patches  than  the  tin  oxide,  whic 
is  bluish  green,  harder  to  obtain,  more  capricious  in  shap 
and  less  generally  disseminated;  the  oxide  of  tin  being  white 
both  when  hot  and  cold,  and  forming  close  to,  and  sometimes 
over,  the  assay  piece. 

Zinc  is  more  diiHcult  to  reduce  to  metal  than  tin  ores,  B 
has  a  heavy,  uon-lustrous  hue,  and,  unless  rolled  into  a  thin 
sheet,  is  very  brittle.  It  is  dissolved  by  hydro-chloric  acid^ 
with  such  furious  haste  that  hydrogen  gas  is  disengaged  sm 
rapidly  that  the  bubbles  overflow  the  test  tube,  being  very 
diffei'cnt  to  the  sluggish  action  of  tin,  whose  oxide  with 
cobalt  solution  is  somewhat  similar.  Its  ores  will  not  resi 
water,  pestle,  fire,  or  acids,  as  those  of  tin.* 
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^^H  *  It  will  be  sect!  from  this  chapter  that  botli  specific  gravity  nnd  hnnlDM 

^^V  become  most  subservient  directors  for  the  recognition  of  mioenila,  when  Ihej 

m  are  in  states  of  purity  (oa  many  are) ;  but,  when  they  are  not  80,  they  must  no^ 

I  b«  employed, 

■  You  will^  after  a  little  practice,  become  more  and  more  attached  to  the  er* 
I  convenient  aad  costless  mode   for  comparison   of  spi^ci^c  gravitiea  by  wati 

■  treatment. 
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CHAPTER    VII. 


ASSAYING   AND   REFINING    OF   GOLD   AND   SILVER. 

The  assaying,  refining,  and  parting  of  gold  and  silver  are 
the  most  important  of  all  metallurgical  operations;  for  they 
we  not  only  most  valuable  metals  in  themselves,  but  they 
we  universally  used  as  representative  mediums  for  obtaining 
possession,  by  exchange,  of  everything  of  utility  or  value. 

Minute  but  profitable  quantities  of  either,  or  both,  may  be 
equally  disseminated  or  scattered  throughout  rock,  so  as  to  lie 
^^  perfect  concealment,  from  even  the  experienced  observer; 
whilst  the  more  ordinary  explorer  for  fortune  may  stride  and 
pass  over,  in  a  state  of  mo.st  deplorable  unconsciousness, 
immense  riches,  that  lie  immediately  under  his  feet,  to  more 
distant  regions  of  hopeless  poverty. 

Therefore,  considerably  more  s[)ace  has  been  devoted  to 
these  precious  metal  subjects  than  for  those  of  the  more 
'^ily  known  and  palpable  base  minerals;  so  as  to  supply, 
Glider  all  circumstances,  some  ready  means,  from  the  many 
given,  for  ascertaining  both  their  presence  and  value. 

1'  Of  Gold  and  Siloer,  fluxed  with  the  hxirmless  excesses  of  iron, 
litharge,  and  carbomite  of  soda;  some  litliarge  being  slmtd- 
ianeomlg  reduced  to  suitable  button  of  le^id,  bg  charcoal. 

2'  Cupellation  of  lead  button  to  obtain  Gold  and  Silver*. 

5*  To  calculate  the  value  per  ton. 

*'  New  method  for  dispensing  with  calculation  for  dollars  and 

ounces  per  ton. 
5.  Preliminary  roasting  of  suitable  quantities  for  crucible  or 

machine,  for  subsequent  fusion  with  safe  fluxes. 

14 
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6.  Separate  first  oxidation  of  the  base  minerals  by  fusion  vntk 

nitre^  and  prompt  secondary  reduction  by  the  fusing  and 
reducing  fluxes  of  litharge,  carbonate  of  soda,  and  char- 
coal. 

7.  Water  analysis,  and  direct  fusion  by  appropriate  quantities  of 

nitre,  and  other  suitable  fluxes. 

8.  Double  smelting  method.     Random  preliminary  fire  assay  for 

size  of  lead  button,  so  that  it  may  be  properly  fluxed  in  the 
real  a^say,  to  obtain  a  button  of  suitable  size  for  cupellation. 

9.  Assaying  of  Gold  and  Silver  by  scorification.    Assaying  fur- 

nace.  Hints  for  simplifying  operations  during  smelting, 
scorifying,  and  cupelling,  by  an  alphabetical  and  numerical 
cabinet.     Fluxing  and  smelting. 

10.  A,  B,  and  C.     Assaying  of  sulphuret  and  free  Gold  by  pre- 

liminary water  concentration,  finished  by  roasting,  crucible^ 
scorifier,  and  machine,  so  as  to  ascertain  how  much  can  be 
obtained  by  chlorination. 

11.  A,  B,  and  C.     Assaying  by  preliminary  water  concentration^ 

and  finished  by  mercury,  crucible,  scorifier,  or  machine,  to 
know  what  can  be  obtained  by  amalgamation. 

12.  Assaying  free  Gold  in  quartz,  by  water,  and  ordinary  tools. 

Also,  smelted  into  button  by  machine. 

13.  Gold  and  Silver  assays  by  common  blow-pipe. 

14.  Management  of  scales,  and  weighing  small  buttons  of  Gold 

and  Silver. 

15.  The  assaying  of  Silver  by  the  explorer's  "  Wee  PeV  machine, 

16.  The  assaying  of  Gold  by  machine,  in  its  own  independent  way, 

after  water  concentration,  by  fluxed  fusion;  reading  the 
dollars  per  ton  at  sight,  for  Gold,  by  the  same  figures  thai 
are  on  the  Silver  table,  as  under  15. 

17.  Assaying  of  Gold  sulphurets  by  roasting,  acids,  water,  and 

machine. 

18.  Assaying  of  Silver  by  roasting,  acid,  salt,  and  machine. 
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19.  .Assaying  of  Silver  hy  ammonia^  acidy  salty  and  machiney 

withotU  roasting. 

20.  ^umid  assay  of  Silver  oresy  of  all  kinds. 

21.  The  assay  of  SUver  by  salt  solutioUy  caUed  ^^vohametric.'' 

22.  Assaying  of  Gold  by  aqua  regiay  etc. 

23.  Ay  By  and  C.    Assaying  of  Qold  by  chlorine  gas. 

24.  Parting  of  Gold  from  Silver  and  the  base  metals. 

25.  ^traction  of  the  Silver  from  a  fluid  alloy  of  Gold  and  SUvcTy 

by  chlorine  gas. 

26.  Parting  of  Ghld  and  SUvery  when  anudgamated  with  mer- 

cury. 

27.  defining  of  Gold  and  Silver  from  all  sources. 

It  requires  an  especial  education,  as  well  as  long  and  varied 
P^ctice,  to  become  a  thoroughly  good  commercial  assay er; 
f<>f J  by  fluxing  improperly  with  the  more  potent  chemicals, 
fop  Want  of  full  knowledge  of  the  minerals'  constituents ;  or 
^J  excess  of  heat,  incomplete  or  protracted  fusion  of  the 
sample,  and  purification  of  button,  for  want  of  practical  abil- 
%;  the  greatest  errors  will  be  continually  recurring:  so 
that  not  only  is  a  complete  knowledge  of  the  minerals 
J^ecessary,  but  the  exact  actions  that  will  be  created  by 
^rtain  proportions  of  such  fluxes  as  thus  so  directly  decom- 
pose to  oxidize  or  to  reduce  the  minerals  to  metallic 
states,  and  also  the  proper  appearance  of  such  a  button 
^hen  purified. 

lu  treating  this  subject,  it  will  be  therefore  necessary,  so 
•8  to  conform  to  the  practical  requirements  of  the  public, 
*ad  to  the  generally  expressed  purport  of  this  book,  to  avoid 
the  more  difficult  and  uncertain  direct  methods,  where  such 
dangerous  and  treacherous  fluxes  are  required;  and  to  favor 
the  more  available  preliminary  chemistry  of  roasting,  for 
auch  decompositions  and  oxidations ;  and  the  subsequent  use 
of  flaxes,  which,  by  forming  fusible  slags  at  high  tempera- 
tures, and  completing  the  reductions  of  such  oiddes,  simulta- 
Deoosly  with  the  litharge,  to  their  respective  metals;  they 
are  thus  collected  by  the  reduced  lead  into  alloys  that  also 
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coutuin  the  precious  metals;  which  are  then  copelled  in  the 
usual  munner.* 


ASSAY  OF   GOLD  AND    SILVER   BY   CRUCIBLE, 

Take  any  sample  of  mineral  that  has  been  go  pulverized 
that  not  less  than  3600  will  pasn  throogh  an  area  of  one 
square  inch  (60  to  a  lineal  Jnch),  which  must  be  iutimately 
mixed,  by  treating  it  most  conscientiously,  as  described  in 
Chapter  I  of  this  Section,  on  the  systematic  preparation  of 
the  sample,  both  before  and  jifter  sifting;  and,  if  any  time 
hflB  intervened,  immediately  before  weighing;  so  that  none 
of  the  fine  or  heavy  particles  that  may  have  settled  in  the 
interstices,  or  to  the  bottom,  sliall  thns  cause,  by  irregularity^ 
inaccurate  results*  In  this  manipulation,  wlien  absolutely 
correct  assays  are  required,  you  should  cloHely  observe  the 
upper  side  of  the  sieve,  for  flattened  disks  of  gold,  cop|>er,  or 
silver,  and  cakes  of  tougli  chloride  or  bromide  of  silver^ 
which  have  not  passed  through ;  so  that,  if  any  are  founds 
they  can  be  collected,  cupelled  with  lead,  and  weighed^  by 
which  their  ration  to  the  weight  of  the  whole  pile,  and  by 
calculation  to  the  sample,  may  be  known.  If  moderate 
accuracy  is  sufficient,  the  sieve  may  be  inverted  and  lightlj 
struck  witti  some  hard  substance,  to  overcome  cohesion,  and 
detacli  the  adhering  particles,  so  that  they  may  fall  on  the 
pile,  and  be  equally  mixed  therewith. 

At^er  this  pulverization  and  sifting,  the  resulting  heap  wil^ 
he  more  or  less  stratified,  and  irregular  in  its  quality,  eauseij 
l>y  tlie  more  friable  and  fine  pieces  passing  through  first, 
which  arc  often  richer  than  the  resisting  quartzose  ganguc 
It  is  a  complete  fallacy  to  suppose  (as  many  do)  that  the 
flieve  is  iu  itself  an  equalizer;  for  the  very  reverse  is  thus 
shown  to  be  the  case,  by  the  variously  colored  stratification! 
on  the  sifted  heap,  and  therefore  it  is  imperatively  uecesaar 
for  perfect  Ijomogeaeity  that  it  should  be  again  mixed 
before  by  repeated  collections  to  the  centre,  and  trai lings 


^-Tlie  mtttermU  thut  are  required  ia  this  AssuyiDg  aad  Discrimlofttion  sectioa 
may  be  obtained,  when  ordered  by  tbe  names  givun,  from  Messrs.  JoUd  Tayla 
k  Oo,^  whose  card  Appears  on  the  last  Icnf  of  the  reliiiblf^  firms,  at  Uie  cod  4 
the  book  \  aU  of  whom  coucern  the  miner  nnd  metiillurgtsL 
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watch-spring  shaped,  furrowed  paths,  with  the  finger,  from 
the  centre  outwards,  before  the  sample  is  taken  for  the  assay. 

1*  THB  MOST  REFRACTORY  SAMPLE  OF  QOLD  OR  SILVER  MAT  BB 
SMELTED,  STRAIGHT  THROUGH,  IN  CRUCIBLE,  BY  ONE  OPERA- 
TION,  IN   THB    FOLLOWING   MANNER. 

Select  a  good  crucible,  of  about  six  inches  in  height,  and 
three  inches  internal  diameter.  Weigh  200  grains  of  this 
sample,  taken  from  many  places  around  and  throughout  the 
prepared  heap,  which  dry  in  a  porcelain  basin,  by  placing  it 
as  a  lid  over  a  coffee-pot,  or  kettle  of  boiling  water,  if  no 
other  means  are  at  hand,  to  ascertain  its  loss  of  "water- 
weight,"  by  re-weighing;  when  necessary  to  do  so  for  the 
American  or  English  markets,  according  to  their  different 
practices. 

Place  this  weighed  sample  of  200  grains  in  a  clean,  dry 
saucer,  and  add  thereto  4000  grains  of  litharge,  400  grains 
of  carbonate  of  soda,  and  about  20  grains  of  finely  pulverized 
charcoal.  Mix  most  intimately  in  the  manner  described; 
transfer  it  to  the  crucible,  and  vertically  insert  therein  a  four- 
inch  iron  nail,  which  will  aid  in  the  riddance  of  the  gulphur 
hy  forming  double  sulphide  slags. .  Next  cover  w^ith  a  layer 
of  50  grains  of  borax  glass  (borax  previously  fused  at  a  red 
heat  in  a  crucible,  and  poured  into  a  clean  frying-pan  or 
mould,  which  reduces  it  to  a  compact  glass,  by  expelling 
the  water  of  crystallization) ;  and,  lastly,  by  an  equal  layer 
of  common  salt. 

Place  this  crucible  in  a  moderately  strong  fire;  surround 
and  support  it  securely  by  charcoal  or  coke  (the  latter  makes 
the  better  fire,  because  it  is  more  enduring) ;  cover  it  with  a 
large  piece  of  either,  and  increase  the  heat  of  the  fire  as 
rapidly  as  possible;  notice  carefully  when  the  crucible 
becomes  bright  red,  and  that  its  contents  are  in  fusion,  and 
allow  fifteen  minutes  more  to  pass  away;  then  stir  the  con- 
tents with  a  quarter-inch  iron  wire  (that  has  been  previously 
made  white-hot  in  the  fire),  for  about  five  minutes ;  and  after 
closing  the  furnace  for  another  five  minutes,  to  increase 
fluidity,  carefully  withdraw  the  crucible  from  the  fire,  tap  it 
gently  on  a  flat,  hard  surface  of  iron,  brick,  or  fire-rock,  to 
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precipitate  any  scattered  or  floating  globules  of  lead,  f< 
union  with  the  larger  button  at  the  bottom,  and  allow  it 
re»t  thereon  in  a  vertical  position  until  quite  cold.     As  this 
method   yields  a  large   button  of  lead,   it  had  better  be 
cupelled    in   the    scorifier  full  of    bone  ash,    as   will    b 
deecribed. 

The  sample  in  this  example  was  supposed  to  be  eorapose 
almost  entirely  of  sulphuretsj  but  it  will  be  advisable  tOj 
concentrate  by  water,  in  a  Baueer,  and  to  dry  and  weigh  afll 
described,  to  ascertain  the  quantity  of  sulphurets,  etc-,  that 
are  present,  and  liux  accordingly,  so  as  to  economize  fluxes 
The  minimum  of  the  fluxes  will  be,  however,  for  even 
that  contain  no  sulpliureta,  as  follows: 

For  200  grains  of  ore^ 

200  grains  of  litharge, 
100  grains  of  carbonate  of  soda, 
6  grains  of  powdered  charcoal, 
**covered  by  50  grains  of  borax  glass,  and  this  by  a  table-" 
spoonful  of  salt ;  the  litharge,  carbonate  of  soda,  and  charcoal 
being  the  variable  quantities  over  these  amounts^  according 
to  the  quantity  of  sulphurets  present. 


2.    CUPELLATION  OF  BUTTON, 


4 


Some  of  the  suitably  porous  materials  must  be  nex( 
selected,  and  cupels  made  therefrom  in  proper  moulds,  fa 
cupelling  the  lead  button  thus  obtained  by  the  smelttn^ 
which  may  be  either  bought  ready  for  use,  or  made  in  th 
following  manner.  Take  some  beef,  pork,  or  mutton  boni 
— the  last  are  best — ^ which  bum  in  a  moderately  hot  fire,  foi 
an  hour  or  two,  to  whiteness.  Pulverize  in  mortar,  and,  aftej 
sifting  the  whole  through  a  fine  sieve,  next  rid  it  of  its  solu 
ble  lime  by  water-washing,  imthout  nibbing  (which  would,  b; 
smoothing  its  raggedness,  lessen  its  cohesive  strength  after  il 
becomes  dry),  and  pour  the  water  into  another  vessel,  until  it 
has  settled  the  impalpable  insoluble  powder  at  its  bottom^ 
when  the  water  may  be  poured  oflF,  the  contents  of  both  ves- 
sels slowly  dried,  and  the  powders  put  into  bottles,  or  othei 
suitable  vessels,  for  future  use. 

Cupels  may  be  made  in  two  ways,  for  present  use,  or  al 
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"Breserved  stock.     The  first  I  have  made  most  satisfactorily  by 

xramming  moderately  moistened  bone  ash  from  the  first  and 

Xargest  bottle   into  an  old,  previously  used  scorifier,  and 

Indenting  a  concavity  for  the  button  with  a  tablespoon,  or 

other  better  shaped  tool,  that  happens  to  be  around.     These 

»re  easily  made,  and  are  very  suitable  and  safe  in  use,  where 

large  buttons  of  rich  metal  have  to  be  refined  by  cupellation ; 

as  the  enclosing  scorifier  not  only  thus  readily  forms  and 

retains  a  large  quantity  of  ash,  but  is  perfect  collateral  security 

for  its  contents.     A  percussion-cap  box  may  be  used  in  the 

same  manner,  if  first  slowly  driedy  as  it  serves  for  a  mould; 

and,  by  the  time  the  solder  gives  way,  the  ash  will  have 

become  secure. 

Those  who  are  comfortably  fixed  had,  however,  better  buy 
the  more  fragile  naked  cupels,  or  make  them  by  especial 
** cupel  moulds,"  that  are  sold  for  the  purpose.  In  this  case, 
the  ash  is  made  just  barely  wet  enough  to  hold  together,  and 
rammed  into  the  mould  with  a  suitable  pestle,  that  is  best 
driven  by  some  two  or  three  blows  with  a  wood  mallet,  when 
the  ash  cup  that  is  thus  formed  is  forced  out,  during  the  twist- 
ing of  the  pestle,  slowly  dried,  and  stored  for  use  when 
required. 

In  both  these  modes  of  manipulation,  the  cupels  will  be 
enhanced  in  quality,  if  the  slightly  moistened  pestle  be  with- 
drawn from  the  ash,  and,  after  being  dipped  into  the  finer 
and  more  impalpable  ash  from  the  second  bottle,  it  is 
replaced,  and  the  surface  smoothed  by  an  accompanying 
judicious  twist.  By  forming  a  sort  of  smooth  surface  filter 
for  the  base  oxides  to  the  more  porous  interior,  it  lessens  the 
loss  of  gold  and  silver,  and  provides  a  better  bed  for  minute 
buttons.  Cupellation  is  thus  performed,  because  gold  and 
silver  oxidize  very  slowly;  whilst  all  the  base  metals  rapidly 
oxidize  by  sublimation  in  air  and  absorption  in  molten  state 
mto  the  bone  ash  or  other  suitable  porous  support. 

The  cupel,  or  cupels,  should  have  been  dried  and  placed 
in  the  hot  muflle  during  the  smelting  operation,  so  as  to  be 
in  proper  condition,  at  a  bright  red  heat,  for  the  reception  of  the 
button  that  has  to  be  refined. 

The  perfectly  cold  crucible  may  now  be  broken,  and  its 
contents  of  slag  and  metal  enclosed  in  a  strong  rag  or  several 
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foklB  of  papei',  and  smashed  with  a  snisill  Imnmier  and  anvil, 
or  between  two  hanJ  stones,  m<o  numerout*  sniall  fiiignienbs, , 
and  tlie  oietal  extracted  from  the  more  friable  del>ria,  iu  one] 
or  more  bottons  of  the  alloy. 

These  buttoiiB  are  to  be  thoroughly  cleaned,  by  hammering 
or  pliering  into  moi'^  solid  forma ;  thus  ridding  them  fmm  the 
adhering  flux  and  elag,  by  L-rippliDg  the  surfaee  and  com- 
paction of  the  metal,  they  ai'e  easier  cleaned  with  a  brush; 
their  specific  gravity  being  al^o  increased  by  this  compres- 
sion, they  are  also  more  readily  fused  to  clean  molten  metal 
for  retinement,  on  the  hot  bone  a^h  in  muffle,  to  gold  and 
silver. 

The  button  being  placed  on  this  bone  ash  scoritier  or 
cupel,  in  the  muffle,  it  must  l>e  watched  fur  a  minute  or  two, 
to  see  that  it  becomes  molten  to  meiallic  briglitness,  and  that 
it  does  not  run  over  the  margin.     After  this,  a  medium  heat  ] 
is  all  that  is  required,  between  the  Jreeziiu/  on  the  bone  ash 
of  the  oxide  of  lead  (litharge)  formed,  and  excess  of  w^jite 
heat;  if  the  bone  ash  is  sufficiently  hot  to  absorb  the  oxide 
in  liquid  condition,  without  leaving  a  surface  incrustation^  M 
and  the  metal  is  molten  and  transfers  colored  spots  of  oxide 
from  the  centre  to  the  circumference  of  tlie  button,  and  the 
fumes   are   reddish  brown,  arising  lazily  to  mid-height  ofl 
muffle,  it  is  at  a  proper  degree ;  but  if  tlie  cui^cl  and  button 
and  the  volatile  oxide  are  quite  white,  and  the  fumes  arise 
from  the  button  to  the  very  top  of  the  muffle,  it  is  too  hot, 
and  consequently  W'astefuL 

At  the  end  of  this  process,  the  heat  should,  however,  be 
increased,  as  gold  and  silver  melt  at  a  much  higher  tempera- 
ture, and  their  concentrated  alloys  at  a  corresponding  degree; 
so  that  a  superior  heat  is  absohitely  necessary  to  complete 
fluidity,  for  passing  ofi*  its  more  stubborn,  last  remaining 
base  metal  associates. 

Towards  the  end  of  the  refinement,  a  rapid  circular  motion, 
or  spinning  of  the  last  pellicle  of  oxides,  may  be  often 
observed,  which  is  also  accompanied  by  a  flashing  play  of 
rainbow  colors  immediately  preceding  what  has  been  called 
the  "brightening"  of  silver  and  gold;  which  is  also  the  sig* 
nal  of  completion,  and  for  removal  from  the  muffle.  This  so 
called  brightening  is  not  well  expressed,  for  it  is  really  a 
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<3arkemng  from  the  rainbow  play  of  colors  to  that  of  a  mirror 
in  a  shadowed  position,  or  a  water-like  appearance,  that  the 
globule  sometimes  for  a  few  seconds  approaches  more  to 
being  altogether  in\d8ible  than  brightly  so. 

On  removing  a  pure  silver  button  from  the  muffle,  it  exu- 
dates small  warty  protuberances,  supposed  to  be  caused  by 
the  escape  of  oxygen,  which,  having  lost  its  affinity  tor  silver 
from  reduction  of  temperature,  it  escapes  suddenly  through 
the  solid  crust  in  this  manner;  sometimes  one  may  appear, 
and  at  others  several,  the  latter  giving  a  peculiarly  rough 
ftosted  appearance  to  the  whole  surface.     These  are  faitliful 
records  that  the  button  is  pure  silver.     Silver  is  the  whitest 
metal,  and  flattens  like  lead  to  a  very  thin  disk,  without 
fracturing  the  edges  or  periphery.     Gold  is  the  only  yel- 
low  metal;    the   alloys   called    brass    would    have    passed 
away  in  the  litharged  bone  ash,  or  can  be  separated  in  the 
parting  process,  by  acid. 

When  a  considerable  quantity  of  nickel,  copper,  or  iron,  is 
present,  it  will  be  sometimes  observed  that  the  button  lacks 
fluidity,  and  cannot  be  oxidized  to  less  than  a  certain  size, 
where  it  solidifies  or  forms  an  incrustation  of  oxide  from  the 
refractory  metal;  in  such  cases,  more  lead  must  be  added,  so 
as  to  carry  it  away  in  its  oxide,  until  it  is  completely  ridded 
from  the  encumbrance. 

3.  TO  CALCULATE  THE  VALUE  OF  A  BUTTON  THUS  OBTAINED,  IN 
TBOY  OUNCES,  OR  DOLLARS  PER  TON,  YOU  MAY  REASON  AND 
PROCEED  AS  FOLLOWS. 

The  200  grains  have  been  here  selected  as  a  suitable  quan- 
tity, that  also  conforms  to  the  American  ton,  for  estimating 
gold  and  silver,  both  as  regards  the  number  of  units,  for 
more  plainly  explaining  the  basis  for  calculation,  and  to  be 
sofficieHt  for  most  gold  rock,  as  well  as  for  affording  a  large 
average  on  the  silver  ores.  Any  quantity  taken  for  the  assay 
has  beeu  conventionally  denominated  the  "assay  pound"  by 
authors,  for  no  apparently  good  reason ;  so  that  we  will  mul- 
tiply this  200  by  10,  and  call  it  the  assay  ton  (of  2000  pounds), 
and  the  weight  that  equals  one-tenth  of  a  grain  shall  be 
denominated  the  "assay  pound,'' or  one-two-thousandth,  both 


being  avoirdopois.    This  pound  loust  be  always  thus  regarde 
as  the  unit  for  calculation  by  the  decimal  system,  the  poini 
standing  at  its  right,  thus — 1. 

Kow,  as  the  200  grains  contain  2000  tenths  of  one  grain, 
this  one-tenth  being  unity,  it  stands  in  similar  ratio  as  onai 
pound  does  to  the  ton  of  2000  pounds;  so  that,  if  the  samph 
just  assayed  yielded  a  pure  button  of  gold  or  silver  of  thi 
exact  weight  of  one-tenth  grain  (the  space  in  the  box  for  thi 
unit  should  be  marked),  it  would  stand  as  unity,  witti  tb 
deciriKil  point  at  its  right,  and  would  also  mean  that  2000 
pounds,  or  the  ton,  had  yielded  one  pound  of  gold  or  silver, 
and  that,  as  ounces  or  dollars  must  he  certificated,  all  thai 
remains  to  he  done  is  to  multiply  it  by  the  number  of  ouneen 
troy,  ^>r  dollars  that  are  contained  in  this  avoirdupois  pound 
thus,  for  ounces  of  gold  or  silver.;  1.x  14*58=14.58  oz.  pel 
ton;  nndl.x  18,85=18,85$  per  ton  silver;  and  tx 301.367= 
30L367  $  per  ton  of  gold;  wliieh  is  varied  continually  as  thi 
results:  thus,  a  sponge  of  gold  from  an  alloy  of  the  abov< 
weight  may  weigh,  after  it  is  parted  from  silver  by  acid,  ,0t 
of  a  grain's  tenth,  which,  being  multiplied  by  301.367,  wil 
equal  3.013^7,  or  3  ?  .01  cent  gold;  and,  if  this  weight  }y* 
deducted  from  the  original  button  that  weighed  1.  it  will  h 
the  correct  weight  of  silver;  and  the  remainder  of  .99  thui 
obtained,  multiplied  by  18.85,  will  equal  18  §  .60  cents  pej 
ton  for  silver.  When  accuracy  is  imperatively  necessary^ 
certain  additions  and  reductions  are  sometimes  made  to  thi 
wi'ight  of  the  button  thus  obtained,  previous  to  its  being  cer 
tificated  for  commercial  purposes.  The  tirst  has  been  alludec 
to,  when  disks  of  metal,  etc.,  are  found  in  the  sieve,  whid 
may  be  thus  calculated.  If  the  weight  of  the  whole  pul 
verized  pile,  including  the  disks,  is  1122  grains,  and  th< 
disks  .09  (or  nine-hundredths  of  a  grain),  firsts  for  a  battel 
explanation,  multiply  each  by  10,  so  m  to  get  them  into  cor« 
responding  units,  or  assay  pounds,  with  the  sample,  and  theg 
would  Btand  thus;  11220  tenths  of  a  grain,  and  .9  (nina 
tenths  of  a  tenth  grain),  Kow,  if  11220  tenths  gire  ,9,  whai 
should  be  the  allowance  for  the  assay  ton  of  (200x10)  200C 
tenths?  2000,  multipiied  by  .9=1800.0,  which,  divided  bj 
11220,  will  give  ,16  to  be  added  to  the  assay  button  obtained 
from  a  similar  amount  of  ore  that  did  pass  through  the  sieve 
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80  that,  if  this  assayed  1.  as  before,  if  .16  be  added,  it  will 
be  1.16  for  calculation. 

The  next  allowance  is  for  tUc  silver  in  the  litharge,  or  lead, 
which  often  contains  more  than  should  pass  unchecked. 
One  means  for  ascertaining  this  is,  after  thoroughly  mixing 
your  newly  received  litharge,  to  take  exactly  as  much  as  you 
did  for  the  above  assay,  and  to  flux  and  fuse  in  precisely  the 
same  manner  as  before,  less  the  ore  sample,  to  cupel  the  but- 
ton, and  deduct  the  weight  thus  obtained,  which  may  be 
supposed  to  have  been  .01  of  the  unit  of  one-tenth  grain ; 
the  former  figures  will  therefore  have  to  be  corrected  from 
1.  to  .99,  which,  being  multiplied  by  14.58,  or  by  18.85, 
will  give  the  correct  value  in  ounces,  or  dollars  per  ton,  for 
silver;  and,  being  again  multiplied  by  301. 3G7,  for  the  dol- 
lars per  ton  of  gold;  the  ounces  being,  of  course,  common 
to  both.  This  explains  the  principle,  and  in  practice  it  will 
be  better  to  take  tests  of  the  silver  in  litharge,  and  in  lead, 
for  all  the  quantities  as  used  in  the  crucible  and  scorifier 
assays,  to  calculate  the  dollars  and  cents  instead  of  weight 
reductions  for  each,  and  book  them  for  reference  as  required 
for  subtraction. 

If  the  large  English  ton  of  2240  pounds  is  required,  by 
taking  a  corresponding  assay  ton  of  2240  tenths  of  a  grain, 
the  same  multipliers  may  be  retained.  Suitable  multipliers 
may  be  also  directly  used  for  any  other  quantities  that  are 
taken  for  the  assay,  from  a  ''rule  of  three"  stating,  by  mul- 
tiplication and  division;  in  this  matter,  divisible  numbers  of 
2000  and  2240  had  better  be  taken  as  1000  or  1120;  500  or 
560  (the  latter  being  suitable  for  scorification) ;  and  either 
multiply  the  weight  of  the  button  by  2  or  by  4,  and  then 
proceed  as  before,  for  a  full  assay  ton;  or  multiply  the  afore- 
said multiplying  immbers  by  2  or  by  4  for  directly  constant 
multipliers  for  buttons  obtained  from  these  respective  quan- 
tities. 

4.    CALCULATION    MAY    BE    ENTIRELY    DISPENSED   WITH,   BOTH    FOR 
OUNCES    AND    DOLLARS    PER    TON: 

By  substituting  the  ounces  (29160)  and  dollars  (37710)  con- 
tained in  a  ton,  instead  of  the  "assay  ton;*'  thus,  if  it  be 
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derjiruil  tt>  have*  the  result  i»er  2000  putinils  in  onnces  or  dc 
lars,  ik'rimate  tlie  two  riglit-lrnud  iigurets  thus:  21U  JjO  gniiii8 


for 


id 


I 


make  two  weights  for 
the  ar^say  ton,  the  first  markeil  ounces  per  ton,  the  j^ecoud 
dollars  per  ton,  so  as  to  Bave  any  further  recurring  attention. 
To  have  the  result  in  ounces,  take  the  weight  marked  ounces 
pertL>n,  weigh,  flux  iu  jtroper  ratio,  smelt  by  crucible,  cupel, 
mid  weigh  the  re.sultiiig  button ;  taking  tlie  smallest  white 
weight  of  the  Oertling^s  set  of  weiglite,  which  in  the  one- 
hunch'edth  of  1  grain,  as  an  unit;  when  the  weight  is  placed 
on  paper,  it  will  record  at  sight  the  number  of  ounceB  of  i%il- 
ver  or  of  gold  in  a  ton  of  2U00  pounds,  or  of  21*160  ounces. 
By  dividing  the  beam  into  tenths  and  hundredths,  the  hun- 
dredths of  an  ounce  will  be  read  by  having  a  lohite  thread 
rider,  of  the  representative  weight  of  one  ounce,  or  the  ^aid  _ 
one-buudrcdth  of  one  grain.  The  pennyweights  and  grains  | 
may  be  read  with  equal  facility  by  di\dding  the  lever,  at  the 
oihtr  eml,  into  twenty  parts  for  pennyweights,  and  these  again  ■ 
into  twenty-fourths  for  grains,  by  using  the  same  thread  rider.  | 
The  dolhu's  of  silver  may  be  ascertained  with  even  greater 
fiieility  by  using  tlie  appropriately  marked  assay  ton  weight 
of  377.10  grains,  and,  the  same  unit  or  dollar  weight  being 
used  as  a  rider,  the  cents  are  immediately  read  on  the  end  of 
the  lever  marked  in  onc-hundredths. 

The  box  that  eoutains  the  weights  may  be  marked  units, 
tens,  hundreds,  thousHands,  just  oppot^ite  where  they  lie  in 
their  recesses;  so  that,  by  taking  and  calling  the  largest 
weight  or  weights  fnun  tlie  pan,  it  will  sound  exactly  as  it  is; 
thus,  102,36  gniins,  when  taken  from  the  pan,  would  be  six- 
teen thousand  two  hundred  ami  thirty-six  ounces  (or  dollars 
by  lis  weight)  per  ton;  ami  again,* if  .0124  grains,  when  the 
rider  is  also  used,  was  tlie  weight,  it  would  sound  one  ounce 
and  twenty-four  hundredths  of  an  ounce  (or  one  dollar  and 
twenty-four  cent^  by  its  assay  ton),  whichj  being  read  at  the 
other  end  of  the  lever,  would  be  one  ounce,  four  penny- 
weights, and  nineteen  grains* 

If  gold  is  required  in  dollars,  either  use  15.9873  times  (IG 
times  is  very  near)  a.s  much  lor  the  assay  ton  as  the  dollar 
weiglit,  or  multiply  this  value  by  these  tigures  (or  by  10) 
for  its  value  in  dollars  per  ton  of  gold.     These  quantities  of 
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ore,  though  suitable  for  crucible,  cannot  be  passed  through 
the  scorider,  and  it  happens  that  a  tenth  of  this  quantity  is 
just  safely  within  its  maximum  powers,  said  to  be  50  grains; 
but  which,  being  governed  by  the  natures  of  the  ores,  it 
varies  considerably,  and  therefore  this  37.7  grains  may  be 
considered  to  be  the  safer  and  bettor  quantity. 

To  render  this  practical  with  the  balance,  the  tenth  of  the 
former  unit  must  be  taken  as  unity,  which  is  one-tenth  the 
weight  of  the  rider,  or,  when  the  rider  is  placed  to  balance 
on  one-tenth  from  the  fulcrum,  it  represents  one  ounce,  or 
one  dollar,  and  so  on  from  1,  2,  3,  4,  5,  6,  7,  8,  9,  until  it 
reaches  the  tenth  mark,  over  pan,  which,  of  course,  is  IQ 
ounces,  or  dollars  (and  the  same  as  the  former  unit  when 
377.  grains  were  taken),  the  cents,  dwts.  and  grs.  being  now 
read  between  these  marks. 

5.  ANOTHER  SAFE  AND  EASY  METUOD  IS  TO  DECOMPOSE  AND 
OXIDIZE  THE  BASE  MINERALS  HV  PRELIMINARY  ROASTING, 
AND  THEN  TO  FINISH  BY  USING  ORDINARY  QUANTITIES  OF 
THE  FLUXES  THAT  FORM  FUSIBLE  SLAGS,  AND  FLUID  ALLOYS, 
FOR   CUPELLATION. 

Weigh  200  grains  of  the  ore  tiiat  is  known  to  contain  sul- 
phurets,  arseniurcts,  etc.,  which  mix  intimately  with  50  grains 
of  charcoal  powder,  or  common  black  lead  powder,  or  graph- 
ite, and  roast  in  a  crucible  in  an  open  lire,  at  a  red  heat,  for 
at  least  a  half-hour,  stirring  it  with  an  iron  wire  during  the 
whole  time.  Remove  it  from  the  fire,  and,  if  no  fumes  arise 
that  can  be  recognized  by  smell,  this  process  may  be  consid- 
ered to  have  been  well  i)erfonned ;  but,  if  they  still  can  be 
detected,  the  sample  must- be  pulverized,  in  the  same  vessel, 
by  grinding,  re-mixed  with  a  similar  quantity  of  cliarcoal, 
etc.,  and  be  again  roasted,  until  no  such  fumes  pass  away. 

To  this  roasted  ore  (which  weighed  200  grains  before  roast- 
ing), add  400  grains  of  litharge,  100  grains  of  carbonate  of 
soda,  and  exactly  6  grains  of  charcoal  (to  reduce  by  this 
amount  of  charcoal  a  proper  weight  of  lead  from  the  litharge 
for  cupellation).  Mix  intimately,  cover  with  50  grains  of 
borax  glass,  this  again  by  a  tablespoonful  of  common  salt, 
smelt,  cupel,  and  calculate  as  before. 
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6.    IT    MAY    BB    PERFORMED     BY    SMELTING,    DI\^1DED     INTO    TWO 
OPERATIONS,    AS   FOLLOWS: 

The  first  l>eing  the  oxidation  of  the  base  minerals  by  niti*o; 
the  eeconil  hy  chiirgiiiii^  tliereoii,  after  the  strength  of  nitre 
has  been  first  thus*  neutralized  and  vohitilized,  a  mixture  offl 
litharge,  ehurcoal  powder,  and  carbonate  of  soda,  to  more  ™ 
promptly  collect  the  gold  and  silver  by  the  ^liower  of  molten 
lead,  thus  reduced  and  precipitated,  to  a  suitably  sized  buttou, 
for  eupellalion. 

The  advantages  of  this  method  are: 

1.  That  it  extracts  as  much  of  the  precious  metals  as  any 
other  crucilde  mode. 

2.  That  it  may  be  performed  with  much  less  knowledge  of 
the  chemistry  of  fire  and  fluxes,  without  risk  of  insufficiently 
correct  results* 

3.  The  nitre  being  first  and  separately  used,  in  sufficient 
quantity  for  the  worst  ores,  thoronghly  oxidizes  the  base 
minerals  that  are  present,  w^ithout  interfering  with  the  proper 
size  of  the  lead  button  (sometinies  buttonleas)  that  would 
have  to  be  simultaneously  produced  of  proper  size,  b)*  the 
ordinary  methods  of  autre  fltixiiig. 

4-  It  does  not  oxidize  the  precious  metals. 

5.  The  button  of  lead  for  cupel lation  may  be  thus  prompty 
and  correctly  reduced  from  the  subsequent  (xn^XewA  of  sifnulta- 
neous)  addition  of  litharge,  carbonate  of  soda,  and  charcoal, 
to  the  desired  size  for  the  greatest  extraction  of  gold  and 
silver  hy  cupel  hit  ion* 

6.  It  reipiires  no  distinctly  separate  crucibles,  nor  doybhf 
fluxed  and  smelted  '"'•prcUmmartf''  and  real  assays,  but  may  be 
jicrfornied  by  the  same  fusion,  in  the  following  manner. 

Take  (the  worst  of  all  examples)  a  sample  of  finely  pul- 
verized, very  closely  concentrated,  unroasted  suljihuret  of  iron, 
that  contains  but  little  gold,  and  weigh  out  200  grains,  in  the 
careful  manner  described  for  previous  assays.  Now,  to  com- 
pletely oxidize  the  sulphuret  of  iron  by  fusion  w^ith  nitre,  it 
will  require  about  2|  parts  of  the  latter  to  1  part  of  the 
former;  so  that  we  must  now  add  500  grains  of  nitre,  and 
thoroughly  mix  it  in  a  crucible  with  the  200  grains  of  ore, 
which  ishouid  occupy  but  about  one-quarter  the  capacity  of 
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the  crucible,  as  this  flux,  being  somewhat  violent  in  action, 
would  otherwise,  bj  projeftiug  some  of  the  contents,  cause 
loss.  Place  the  crucible  into  a  moderately  liot  fire,  and  after 
the  sample  is  smelted  into  a  state  of  complete  fusion,  which 
will  occupy  about  fifteen  minnte;^,  &tir  it  with  a  liot  iron  wire 
for  two  minutes ;  then  add  quickly,  with  a  long-luiii<lled 
scoop,  au  intimate  mixture  of  200  grainsii  of  litharge,  200  grains 
of  carbonate  of  soda,  and  6  grains  of  finely  pulverized  char- 
coal, that  had  been  previously  prepared  and  scooped  for  more 
immediate  charging.  Smelt  at  full  heat  for  ti%^e  minutes, 
withdraw  from  the  fire,  tap  the  crucible  to  settle  the  lead, 
attd,  after  it  is  quite  cohl,  l;reak  it  and  manipuhitc  the  buttou, 
cupel,  and  calculate,  as  previously  directed*  If  the  operation 
has  been  well  performed,  this  button  should  weigh  fi'om  150 
to  180  grains. 


7.  WATER   EXAMINATION,  AND   DIRECT  FUSION  WITH    NITRE,   ETC. 

Concentrate  200  grains  by  water,  dry  the  heavy  residual  in 
a  basin  or  plate,  over  a  cotfee-pot  of  boiling  water,  and  care- 
fully examine  for  the  difterent  sulphnret  minerals,  which 
separate  into  heaps,  and  wx^igh  for  correct  and  direct  fluxing 
by  nitre,  litharge,  carbonate  of  soda,  charcoal,  borax,  and 
Bait,  assisted  l»y  the  following  table  and  geometrical  device. 

To  oxidize  200  grains  of  sulpliuret  of  iron,  it  requires  about 

500  grains  of  nitre. 
To  oxidize  200  grains  of  sulphnret  of  copper,  it  requires 

about  400  grains  nf  nitre. 
To  oxidize  20U  grains  c^f  sulphuret  of  antimony,  it  requires 

about  300  grains  of  nitre. 
To  oxidize  200  grains  of  sulphuret  of  lead,  it  requires  about 

67  grains  of  nitre. 

Now,  having  ascertained  by  water  concentration  bow  nmch 
of  either  of  these  sulphurcts  are  containeti  in  your  sample 
of  200  grains,  you  can  weigh  another  sample  of  200  grains, 
and  add  thereto  tlie  exact  amount  of  nitre  required,  which 
may  be  ascertained  in  the  following  manner.  If  nny  20  grains 
of  the  Bulphuret  of  iron  were  obtained,  it  would  require  but 
juBt  one-tenth  ae  much  nitre  as  it  did  when  the  whole  200 

Ins  of  3ulphuret8  were  present.     Or^  by  *'rule  of  three," 


if  200  jrnuuii  of  sulpliiirut  oi'  iron  ore  required  500  gmi 
nitre  for  it8  oxiclatuui,   how  nmt'li  nitre  would  '20  gruius 
siil[»hurot  of  iron  retiuire;  or**^*==50  grains  of  nitre. 

To  save  the  time  of  ciilculation,  wViere  many  assays  a 
made,  it  nuty  be  readily  etfectjd  upon  Cut  19,  either  ft* 
these  or  for  any  other  rations,  a^  follows.  Lay  out  on  a  suita 
ble  board  a  base  line,  which  divide,  from  left  to  right,  int< 
200  equal  parts  (to  represetit  the  grains  of  asf^ay) ;  erect  (l)j' 
fiquare)  at  the  extreme  right,  on  the  two-hnndredth  mark, 
perpendicular  line,  whieh  mark  off,  coinmencing  from  th 
bottom^  into  equal  units,  until  tlie  mnximiim  number  an 
height  of  500  is  attained  (the  greatest  quantity  of  nit 
required),  and   mark  every  tenth  division  of  the  base  an' 


Cut    19. 


perpendit'ular  lines  with  their  proper  figures.  Xext  dmv^ 
fmiv  diagnnal  lines  from  left  to  right,  \h^  first  commencing  ai 
the  zero  of  base  (or  left  end  of  the  200  line),  and  ending  a1 
the  500,  or  top  of  perpendicular;  the  sevond^  from  thifci  zerc 
to  tlie  400  of  perpendicular;  the  ihird,  from  zeix)  to  300;  and 
the  fourth^  from  xero  to  the  07  grains^  of  nitre  required  fo: 
oxidation  of  200  grains  of  snlphuret  of  lead,  and  it  is  conig 
plete  for  immediate  reference,  for  aacertaining  how  much 
nitre  is  required  for  the  oxidatiou  of  any  fractional  numbe: 
}>elow  200  grains  of  either  of  tliese  snlpbnrett*.  Any  numbe: 
of  otiier  diagonal  hnen  may  be  also  drawn  on  tlie  same  board 
or  paper,  and  f^uitably  nnirked  for  the  partieular  sulphuret, 
or  purpose,  for  which  the  rath  of  this  or  any  other  Bnx  u 
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required.  The  base  line  may  be  also  divided  in  hundredtbs 
when  preferable;  or  into  both  at  the  same  tinie^  by  darkening 
the  aUeniaie  marks,  and  figuring  both  over  and  wilder  the  line ; 
the  first  showing  one-hundredths,  the  second  two-hundredths. 

All  that  is  necessary  to  be  done  for  using  the  instrument  is 
to  apply  a  square  to  the  board,  80  that  its  perpendicular  edge 
shall  stand  over  the  figure  on  the  base  line,  that  represents 
the  weight  of  the  concentrated  sulphurets,  say  about  60 
grains;  then,  with  an  open  compass  to  gauge  the  perpendic- 
ular distance  from  the  base  line  to  where  the  square's  edge 
crosses  the  diagonal  line  that  is  marked  for  the  particular 
flulphoret  required;  next  transfer  the  compass  points  to  the 
gradoated  vertical  line;  the  one  point  being  placed  on  the 
intersection  of  base  and  perpendicularj  the  other  will  point, 
on  the  vertical  scale,  to  the  exact  quantity  of  nitre  requii'ed 
to  oxidize  the  sulphuret  metal  present. 

If  two  sulphurets  are  found  together,  they  must  be  meas- 
ured separately,  and  the  sum  (required  for  each)  taken. 

The  base  line  may  be  also  divided  into  60  equal  parts,  for 
the  number  of  grains  used  in  scoritication,  and  the  perpen- 
dicular into  suitable  unequal  parta,  commencing  from  C  parts 
of  lead  at  the  base  (the  least  quantity  of  lead  taken  for  the 
50  grain  assay),  when  iron,  copper,  or  nickel,  are  absent,  and 
so  graduated  that  the  proper  number  of  necessary  additional 
partii  of  lead  may  be  measured  by  the  compass,  when  trans- 
ferred from  the  perpendicular  height  over  the  fractional  con- 
centrated quantity  to  the  end  scale,  for  the  proper  fusion  of 
such  refractory  minerals  when  they  are  present* 

These  calculations  qiay  be  indefinitely  modified  by  using 
different  vertical  and  horizontal  scales;  and  may  also  be  per- 
formed by  a  single  angle  of  diverging  lines,  if  separate 
scales,  of  the  extreme  vertical  length,  be  individually  divided 
to  the  number  of  parts  required  to  oxidize  the  200  or  100 
grains  of  sulphurets.  Thus,  if  the  first  vertical,  smallest 
angle  measurement  of  the  67  were  divided  into  500,  it  would' 
eerve  also  for  the  fractional  ratios  of  that  number,  when 
measured  by  its  parallel  and  vertical  line  fi^om  the  base,  as  it 
now  docs  by  the  largest  angle,  when  the  reduced  distance  of 
the  compass  points  are  replaced  thereon,  to  ascertain  the 
number  of  grains  required,  and  denoted  on  its  scale,  under 
15 
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tlio  upper  point.     An  ordinary  oblong  table  may  be  n 
for  this  purpose,  by  simply  laying  out  the  base  line  of  5 
inches  in  length,  divided  into  200  quarter-inch  parts;  ai 
erecting  the  perpendicular  31 J  inches  high,  of  500  ^ixteew 
of  an  inch  parts.     Or  a  piece  of  plank  may  be  used,  of  hs 
this  wiilth,  divided  into  500  thirty-Becond  inch  parts. 

This  exact  quantity  of  nitre  being  ascertained,  must  do 
be  added  to  the  200  grain  assay,  with  about  400  grains  > 
litharge,  200  grains  of  carbonate  of  soda,  and,  if  7io  lead 
present^  exactly  0  grains  of  finely  pulverized  charcoal ;  bu 
if  any  lead  ore  is  found,  every  40  grains  of  ore  must  abstrac 
1  grain  of  chareoaL  Mix  very  intimately,  and  transfer  it  i 
a  crucible  that  would  hold  at  least  thrice  this  quantity;  am 
after  covering  it  first  with  about  50  grains  of  borax  glass,  am 
lastly  with  a  tablespoonful  of  salt,  it  maybe  smelted,  cupell' 
^  and  calculated  in  the  manner  described  under  No.  1. 

8.   DOUBLE     SMELTING     METHOD.      RANDOM     PRELIMlNARr     Fl 
aSsAY,    for    size    of    lead    BITTTON,     SO    THAT    IT    MAY 
PROPERLY    FLUXED    IN    THE    SECOND    AND    REAL    ASSAY, 
OBTAIN   A   BUTTON   OP  SUITABLE   SIZE   FOR   CUPKLLATION. 

This  mode  of  assay  has  been  recommended   and  fuH 

described  by  John  Mitchell,  in  his  large  Manual  on  Practici 
Assaying;  and  as  he  has,  in  these  paragrapbs,  fully  expos' 
the  doubtful  action  of  fluxes,  and  also  given  the  means  U8< 
for  testing  the  reducing  and  oxidizing  powers  of  argol  ai 
nitrate  of  potash,  and  for  assaying  of  litliargo  for  silver — a 
of  which,  as  well  as  the  test  lead  (which  is  known  by  cupel 
lation)  must  invariably  be  examined' and  allowed  for  by  yoi 
if  accuracy  is  required — ^I  have  quoted  his  iustructiooa,  j 
follows. 

"BPBCIAL     DtRBOTlONS     POR    TBR    CRCTGraLB    IMAT    OP    ORIB   AlTD    BCTBSTAirCIS 

THE    Ptfiar    CLASS. 

'*The  ores  and  substances  bcloigiag  to  this  class  raoj,  for  the  conTemes 
of  iisaA>%  be  farther  stibdivided  on  the  following  principl .  It  has  alreadj  bei 
Been  that  sulphur,  nod  other  substances  haviog  a  great  affinity  for  oxfg« 
r&dtice  metamc  lead  from  llthnrge  in  proportioo  to  the  amount  of  redodi 
matter  prest^nt;  and,  as  it  is  neceB9»rj  in  this  kind  of  assay  that  no  moT«  Uu 
a  certain  quantitj  of  lead  ftlloj  should  be  submitted  to  cupeUation,  some  ki 
of  control  must  he  exercised  bj  the  assajer^  to  keep  the  quantity  of  1« 
reduced  in  due  and  proper  bounds.  This  is  readily  accompUshcd  by  what  i 
author  calls  a  *■  pretiminary  aasay/  by  which  all  ores  and  inbBtanccs  of  tl 
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cUss  are  divided  into  three  sections :  Firstly,  ores  which,  on  fusion  with  excess 
of  litharge,  give  no  metallic  lead,  or  less  than  their  own  weight ;  secondly, 
those  which  give  their  own  weight,  or  nearly  their  own  weight,  of  metallic 
lead;  thirdly,  those  which  give  more  than  their  owa  weight  of  metallic  lead. 
The  preliminary  or  classification  assay  is  thus  conducted: 

"  Carefully  mix  20  grains  of  the  finely  pulverized  ore  (all  siver  ores  must  be 
imssed  through  a  sieve  with  80  meshes  to  the  linear  inch)  with  500  grains  of 
litharge  ;  place  the  mixture  in  a  crucible  which  it  only  half  fills  ;  set  the  cruci- 
ble, after  careful  warming,  in  a  perfectly  bright  fire,  and  get  up  the  heat  as 
rapidly  as  possible,  so  as  to  finish  the  operation  in  a  short  time,  to  prevent  the 
iction  of  the  reducing  gases  of  the  furnace  on  the  oxide  of  lead,  because,  if  a 
great  length  of  time  were  taken  in  the  operation,  a  portion  of  the  lead  reduced 
might  be  traceable  to  the  furnace  gases,  and  the  result  of  the  experiment 
Titiated.  After  the  contents  of  the  crucible  are  fully  fused,  and  the  surface 
perfectly  smooth,  the  crucible  may  be  removed  and  allowed  to  cool,  and,  when 
cold,  broken.  One  of  three  circumstances  may  now  present  itself  to  the 
aisayer:  Firstly,  no  lead,  or  less  than  20  grains,  have  been  reduced;  secondly, 
20  or  nearly  20  g^rains,  more  or  less,  may  be  reduced  ;  and,  thirdly,  more  than 
SO  grains  may  have  been  reduced. 

"Now,  as  it  has  been  already  stated,  200  grains  of  lead  alloy  is  a  suitable 
tmount  to  cupel ;  and,  as  200  grains  is  the  best  quantity  of  ore  to  submit  to 
aisay,  it  will  be  evident  that  ores  and  substances  of  the  second  section,  or  those 
bodied  which  gixe  their  own  weight,  or  nearly  their  own  weight,  of  lead  alloy, 
ihnply  require  fusion  with  a  suitable  quantity  of  litharge  and  an  appropriate 
flax.  Ores  of  the  first  section  require  the  addition  of  a  reducing  agent,  in 
quantity  equivalent  to  the  standard  amount  of  lead  alloy  (200  grains) ;  and 
ores  of  the  third  section  require  an  equivalent  quantity  of  an  oxidizing  agent, 
or  an  amount  of  some  body  which  will  oxidize  the  lead  in  excess  of  200  grains 
of  alloy. 

"The  redncing  agent  employed  is  argol;  the  oxidizing  agent,  nitrate  of  pot- 
uh.  It  is  necessary,  before  commencing  an  assay  of  a  silver  ore,  to  dciermine 
how  much  lead  a  given  weight  of  the  argol  the  assayer  has  in  use  will  reduce, 
u  also  how  much  lead  a  given  weight  of  nitrate  of  potash  will  oxidize.  These 
usays  are  thas  made: 

"Auay  of  Reducing  Power  of  Argol. — Carefully  mix  20  grains  of  the  argol  to 
be  tested  with  500  grains  of  litharge  and  200  grains  of  carbonate  of  soda; 
pbce  the  mixture  in  a  suitable  crucible,  and  cover  with  200  grains  of  common 
■alt  (It  is  best  to  mix  two  such  quantities,  and  take  the  mean  of  the  results.) 
Fuse  with  the  precautions  pointed  out  in  assay  of  substance^  of  the  first  class, 
eontaining  lead.  Weigh  the  resulting  buttons,  and  take  a  note  of  the  mean 
weight,  which  will  represent  the  amount  of  lead  reducible  by  20  grains 
of  argol. 

^^  Auay  of  Oxidizing  Power  of  Nitrate  of  Potcuh. — Mix  20  grains  of  finely 
powdered  nitrate  of  potash,  50  grains  of  argol,  500  grains  of  litharge,  and  200 
grains  of  carbonate  of  soda;  cover  with  200  grains' of  common  salt,  and  fuse 
u  above.  Weigh  the  resulting  button.  Now  calculate  the  amount  of  lead 
which  should  have  been  reduced  by  50  grains  of  argol,  and  the  difference 
between  that  and  the  amount  of  lead  reduced  in  this  experiment  will  represent 
the  amount  of  lead  oxidized  by  20  gprains  of  nitrate  of  potash.  30  to  32  grains 
of  ordinary  red  argol  reduce  about  200  grains  of  lead  ;  aud  23  grains  of  pure 
i^itnteof  potash  oxidize  about  100  grains  of  lead.  The  assayer  must,  however, 
*dopt  the  numbers  found  by  himself  by  cxp^iment,  as  some  samples  of  argol 
*nd  nitre  are  more  or  less  impure.  He  must  also  examine  every  fresh  supply 
of  litharge  for  the  amount  of  silver  it  contains,  in  the  following  manner  : 

"^itay  of  Litharge  for  Silver. — Mix  1000  grains  of  litharge  with  30  grains  (or 
*<^7  other  quantity  that  may  be,  by  experiment,  found  requisite)  of  argol,  200 
9^  of  carbonate  of  soda,  and  cover  with  salt,  as  already  directed.  Fuse 
^mixture  in  a  suitable  crucible  ;  allow  it  to  cool ;  break  and  cupel  the  button 
Stained,  as  hereafter  to  be  described ;  take  a  note  of  the  amount  of  silver 
^^Qed;  and,  as  1000  grains  of  litharge  is  the  standard  quantity  for  a  silver 
^^Ji  the  amount  of  silver, 'indicated  as  aboTe,  is  to  be  deducted  from  the 
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amount  of  silver  obUiQed  ia  the  assay  of  atij  sil?er  orCi  until  that  qttaittff|j' 
of  litbfirge  is  oonstjtiiec). 

^^  Axsay  of  (hen  of  the  Pint  Sectum> — Make  a  prclimiuarr  assay,  as  already 
described.     Suppose  10  grains  of  load  resalt;   then,  as  20  have  furnished  10 
graiQi^f  so  200  g:minsi  of  oru  woyld  furnisb  100  grains  of  lead,  or  100  grains  Ied» 
than  ibc  qiirtntity  best  adapted  for  cnpellation  ;  so  that,  referring  to  the  asaaj 
of  argol,  and  finding  that  from  30  to  32  grains  redace  200  grnins  of  Ituid,  then 
it  is  clear  tbut  the  reducing  power  of  from  15  to  16  grnins  of  argol,  in  additioD 
to  tbe  reducing  power  of  200  grains  of  ore^  Is  necessary  to  furnish  200  grataa 
of  lead  alloy.     In  this  case »  the  ingredients  required  in  the  actual  assny,  ori 
'assaj  proper/  would  stand  thus:   200  grains  of  ore,  200  grains  of  carbonate  ( 
of  soda,  1000  graina  of  litharge,  15  to  IG  grains  of  argol.     These  materinls  ar#j 
to  b«  thoroughly  well   mixed,  placed  in  a  crucible  which  they  about  bnlf  fill,! 
and  covered  first  with  200  grains  of  common  salt,  and  then  200  graina  of  borax,  I 
and  submitted  to  the  lire  with  the   usual   precautions;   when   the  flux  fiuw»l 
smoothly^  tbe  assay  is  complete;  it  maybe  removed  and  allowed  to  cooU  thei 
crucible  brokeo,  nnd  the   button   obtained   must  be  bdmmercd  into  n.  cubiciki| 
form,   and  .should  approximate   to   200  grnins,  cither  more  or  leas  wrtbin  Id 
grains.     Two  crucibles  must  always  be  prepared.     It  will  also  be  here  conve- 
nient lo  mention  that  the  argol  and  nitrate  of  potaisb  are  the  only  sub^tancesl 
whoso  quantities  vary  in  the  assay  of  silver  orcs^  the  amount  of  these  Tariattoni 
being  determined  by  the  preliminary  or  claseilication  assay. 

'*  Agsatf  of  Orri  of  the  Second  Seetion* — If  the  preliminary  assay  of  the  sniapli 
submitted  to  assay  furnish  from  18  to  22  grains  of  lead,  then  the  assay  proprf 
may  be  thus  made:     200  gniius  of  the  ore^  20Q  grains  of  carbonate  of  fod* 
1000  grains  of  lilharge  ;  well  mixed,  and  covered  with  salt  and  bonix^  aaaboTeJ 
Fuse  with  .due  care,  and  reserve  buttons  of  lead  alloy  for  cupellation. 

^^  Aisat/  nf  Orftr  nf  the  Third  Steii<m. — If  the  sample  on  preliminary  assay  ftir 
nlshcd  40  grains  of  lead^  then  the  200  grains  employed  in  assoy  proper  would 
give  400  grains,  or  200  grains  of  lead  in  excess;    refer  now  to  note-buok  fof 
quantity  of  lead  oxidized  by  nitre;   suppose  the  nitre  pure  as  just  stated.  29 
grains  will  oxidi^te    100;   tberelore,   4G  grains  are  equivalent  to  200,  and  thffl 
assay  proper  wiil  stand  thus:  200  i^rains  of  tbe  nre^  200  grains  of  carbonate  o^ 
Boda,  1000  grains  of  litharge^  46  grains  of  nitrate  of  potash.     The  nitrate  of 
potash   to  be  weighed  first,   finely  pulverized,  and  then  well  mised  with  ib«| 
remaining  substances,  and  covered  witb  salt  and  borax.     The  crucible  in  thiil 
assay  must  be  birgcr  than  in  the  two  preceding  cases;  the  mixture  ffaould  nutl 
more  than  o'le-tbird  fill  it,  as  there  is  a  considerable  action  set  up  bf  t- 
oxygen   of  the  nitre,  and  the  sulphur  or  ar^enic^  or  any  other  sub>i 
may  be  the  reducing  agent  in  the  ore;   for,  in  fact,  the  nitre  docs  n<  ; 
oxidize  the  lead^  which  sulphur,  etc.,  might  have   reduced,   but  oxidixei  it 
equivalrnl  quantity  of  sulphur^  or  whntever  other  reducing  substance  thcr<i] 
may  be  in  the  ore,  so  as  only  to  leave  a  sufficient  amount  to  reduce  200  g^inil 
of   leadj  in  lieu   of   the   400  as   indicated   by  preliminary  assay ^  or  when   thol 
reducing  po^ver  of  the  ore  was  allowed  to  come  into  full  piny,     Thel>utioni| 
obtained  in  this  case  are  also  to  be  reserved  for  cupellation.'^ — John  Miteheli. 


9,    ASSAYING    OP   GOLD   AND   SILVER   BY  SCORIFICATION, 

This,  the  cheapest,  e^iest,  cleanest,  quickest,  safest,  best^l 
and  most  scientific  method  for  assaying  gold  and  silver,  ia] 
peifornied  by  sh'dlow  dishes  called  scorifiers,  in  a  hot  mnffieA 
which  is  snrrounded  by  fire,  instead  of  hf^uig  fused  in  a  crttciblc 
wilhin  the  Jire, 

It  will  not  be  out  of  place  to  give  an  illustration  here  of  an 
assaying  furnace,  and  the  most  convenient  and  economi- 
cally suitable  dimensions  of  its  exterior  shape  and  interior 
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f,  as  required  for  the  miner.  I  submit  the  fallowing 
for  8ueh  a  purpose,  which  can  be  nuide  either  of  unbaked  or 
baked  bricks.  Although,  however,  these  will  answer  the 
purpose,  it  is  better  to  havetlie  fire  part  of  *'fire  brick," 

The  furnace  may  be  now  built  in  the  form  shown,  complete 
in  itself,  with  its  back  abutting  air-tight  against  the  wall  (W), 

Cut  '40. 


Fir^t  build  the  bottom  dead  work,  marked  F  D  (front  dead 
work),  and  8  D  (side  dead  work),  4|  liricks  wide  in  front, 
md  3}  bricks  at  the  side  (38  inches  by  34  inches),  and  run 
this  work  some  7  bricks,  or  20  in(*hes  high  ;  thus  forming  a 
ba.se  for  furnace,  and  a  convenient  table  for  resting  hot  cruci- 
!e&,  scorifiers,  cupels,  tongs,  stirring  rods,  etc.,  as  well  as 
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being  of  suitable  height  for  pouring  ingots,  or  buttons,  and 
for  safe  bottom  of  ash-pit,  even  in  a  wooden-floored  office. 
Next  commence  to  build  the  bottom  of  the  ash-pit  iipf>n  this 
dead  work,  by  laying  2J  bricks  %vide  against  the  wall,  and  2 
brieka  to  the  front  of  furnace;  that  is,  aboot  20|  inches  wide 
by  16|  incliea,  somewhat  in  the  shape  of  a  letter  C  with  itfl 
back  to  the  wail ;  this  back  and  the  limbs  are  4  inches  wide; 
run  this  up,  of  same  shape,  3  liricks  highj  for  the  ash-pit  and 
draught -hole,  and  place  your  fire  bars  or  grating  thereon 

**^-  I 

If  you  are  likely  to  require  the  use  of  furnace  every  day, 
the  bai*s  bad  better  be  laid  in  loosely  upon  transverse  flat 
sleeper-bars,  that  should  be  built  in  front  and  back,  at  the 
height  of  letter  L,  so  that  the  fire  bars  may  be  withdrawn  at 
the  termination  of  each  day's  work.  Next  lay  on,  with  as 
little  lime  as  possible,  one  row  of  bricks,  or  4  inches  wide  all 
round  (at  the  hack,  the  sides,  and  the  front),  and  then  again 
another  mw  of  bricks  all  round,  except  at  the  opeiuDg 
marked  F,  which  is  intended  to  fee<l  as  required  to  regulate 
the  heat  of  muffles,  and  which  is  stopped  by  a  brick's  end, 
or  otlier  stopper,  when  not  being  fed.  Next  bridge  this 
opening  by  hoop  iron  or  bars  of  flat  iron,  a  half-inch  thick, 
covering  4  inches  wide,  or  the  whole  width  of  front,  and 
sufficiently  long  to  turn  down  a  half-inch  at  each  end,  to 
brace  the  furnace  togetlier,  or  another  row  of  bricks,  as 
drawn,  if  you  have  no  iron.  Now  lay  on,  exactly  over  open- 
ing, F,  the  first  {scorifi/ing)  muffle,  S,  so  that^  by  resting  a 
little  higher  on  the  bae/i  uhiU  cud,  tlie  drainage  and  discharge 
from  within  of  any  accidentally  spilt  lead  (or  other  metal),  will 
prevent  its  eating  through  tlie  muffle.  Just  opposite  the 
back  end  of  botli  muffles,  about  one-inch  holes  should  be 
forced  through  the  wall  of  the  house  to  the  chimney,  to 
afford  direct  communication  and  draught  from  the  muffler, 
to  ensure  more  speedy  oxidation  of  the  minerals  and  metals. 
Lay  another  course  of  bricks  around  the  furnace,  and  build 
closely  up  to  the  sides  at  each  end  of  the  muffle,  and  another 
course  of  bricks  around  the  furnace  and  over  each  end  of  the 
muffle,  scooping  out  a  little  from  under  each  arching  brioiM 
necessary.  V 

Place  the  second  (capeUmff)  muffle,  C,  in  same  manner  and 
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position  over  the  first,  taking  care  that  the  communications 
to  the  two  holes  provided  for  the  slight  draught  from  muffles 
ahall  not  be  interfered  with  by  communication  with  furnace 
fire.  Again  build  around  the  furnace  and  mjjffle  as  before, 
and  add  thereover  four  more  rows  of  brick,  between  which 
it  will  be  advisable  to  place  thin  crossing  braces  of  hoop  iron. 
At  three  bricks  above  the  top  muffle,  knock  a  hole,  6  inches 
wide  by  2  inches  deep,  from  the  furnace  into  the  chimney, 
and,  after  providing  yourself  with  a  conveniently  movable 
fiirnaee  cover  of  iron  or  fire-stone,  it  is  ready  for  being  slowly 
dried,  and  then  for  use.  The  fire  may  be  easily  lighted  in 
this  furnace  by  putting  some  small  pieces  of  kindling-wood 
into  the  bottom  feed-hole  at  F,  and  then,  after  filling  the  fur- 
nace with  charcoal  through  the  more  general  feeding-hole  at 
the  top,  to  ignite  it  by  a  match  or  candle,  through  the  open- 
ing, F. 

Where  a  man  has  to  pass  through  many  assays  of  different 
minerals,  this  will  be  found  a  very  subservient  furnace.  For 
Bnch  as  require  preliminary  roasting,  the  upper  and  lower 
mnffles  may  be  both  used  in  the  gradually  increasing  heat  of 
the  early  tire;  in  the  middle  of  the  day,  the  open  fire  at  the 
top  may  receive  four  crucibles  for  copper  or  lead  assays, 
whilst  the  upper  and  lower  muffles,  C  and  S,  may  each 
receive  as  many  scorifiers,  for  gold  and  silver  assays;  or  the 
one  muffle  may  be  used  for  scorifying,  and  the  other  for 
cupelling;  or  the  one  for  mineral,  and  the  other  for  bullion 
assays;  or  the  upper  muffle  maybe  regulated  in  temperature 
for  lead  assays,  whilst  the  under  one  shall  be  at  a  higher 
degree  for  gold  and  silver,  or  copper,  by  the  German  method ; 
or  iweh)e  gold  and  silver  assays  may  be  smelted  together  (four 
by  crucible  in  fire,  four  in  the  upper,  and  four  in  the  lower 
muffles,  by  scorifier),  in  forty  minutes,  and  cupelled  within 
the  hour,  after  the  furnace  is  at  proper  heat,  and  that,  too,  by 
the  smallest  possible  amount  of  fuel.  On  one  occasion, 
having  everything  previously  numbered,  weighed,  and  fluxed, 
I  passed  through,  in  a  similar  furnace,  thirty-two  silver  assays, 
three  of  lead,  and  one  of  copper,  in  five  and  a  half  hours, 
without  assistance;  but  all  ordinary  day's  works  may  be 
brought,  by  the  use  of  the  double  muffle  and  crucible,  within 
the  one  short  turn  or  term  of  smelting  and  cupellation. 
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Where  uiiich  assayiug  had  to  be  accomplielied,  I  have^ 
made  a  portable  stand,  with  tour  rows  of  compartmentajB 
having  teo  pigeon-holes  in  each  row,  numbered  from  1  to  10. 

The  bottonft^ow  was  also  denominated  A,  fix>m  1  to  10, 
The  second  row         "  "  B,  from  1  to  10. 

The  third  row  *'  «  C,  from  1  to  10, 

And  the  fourth  row  '*  "  D,  from  1  to  10. 

The  first  row,  A,  had  square  scoops,  numbered  from  1  to  10. 
The  second  row,  B,  had  scoops  numbered  from  1  to  10. 
The  third  row  was  lined  witli  iron  from  1  to  10. 
The  fourth  row  contained  small  watch  glasses,  fin^m  1  to  10. 

Whilst,  at  the  back,  numbered  parting  flasks  reclined,  thai 
ranged  from  1  to  10 >  underneath  whieb  were  alcohol  lamps, 
where  gas  cannot  be  had,  that  contained  sufficient  alcohol  to 
burn  thirty  minutes,  the  maximum  boiling  time  required  for 
parting  of  silver  and  gold. 

Now,  on  receiving  say  eight  samples  that  are  required  to 
be  assayed  for  gold  and  silver,  one  for  lead,  and  one  for  cop- 
per, you  will  first  take  eight  scorifiers  (or  eight  pairSj  if  dupli- 
cate check  assays,  for  commercial  exactitude,  is  desired), 
and  lumiber  them  with  red  chalk,  or  with  a  file,  on  the  exte- 
rior, from  1  to  8,  and  it  will  be  also  advisable  to  smear  them 
within  with  red  chalk,  to  prevent  adhesion  during  roasting^ 
and  the  absorption  of  the  litharge  into  tlie  acorifier,  that 
would  hasten  its  fusioUj  and  eat  holes  through  its  botto; 
during  the  smelting  process. 

Next  take  a  crucible  for  the  lead  assays  and  anotlier  for  the 
copper,  and  number  them  by  notches  made  with  a  lile  on 
their  riras.  Place  these  scorifiers  and  crucibles  opposite  their 
respective  numbers,  to  await  the  weighing,  fluxing,  and 
charging  period  of  ojieration,  after  all  the  samples  are  pul- 
verized and  homogeneously  mixed  in  the  manner  described 
for  preparation  of  the  sample,  and  placed  in  the  several  ■ 
numbered  boxes  of  row  A,  and  appropriately  marked,  say  aa 
follows. 

A  1 — Average  from  the  **  Victoria**  lode  at  bottom  of  shafts 

for  silver, 
A  2 — ^Average  from  1000  foot  level,  north  end,  for  silver. 
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-Average  from  back  of  lUUO  foot  level,  No*  1  atope, 
north,  for  silver. 

4 — Average  from  back  of  1000  foot  level,  No.  S  stope, 
south,  for  silver, 

Average  from  l>aok  of  900  foot  level,  No,  2  slope,  north, 
for  silver. 

6 — Average  from  bottom  of  winze,  in  900  foot  level,  south, 
for  silver. 

7 — Average  of  stones  brought  in  by  Company's  pros- 
pector, for  fjold  and  silver. 
•Average  of  the  tailings  from  lust  runj  for  silver. 

I — Average  from  the  *' Abraham  Lincoln'*  lode,  for  kad. 

lU — Average  from  the  *^Grant*'  h>de,  for  copper. 

Having  these  boxes  thus  plainly  marked,  you  vrill  next 
F proceed  to  weigh  out  from  each  aaniple  the  proper  ([UuDtity 
f*>r  each  assay,  and  place  them  into  the  Hat-bottomed  iron 
•<«>op$  in  row  B;  and,  after  adding  the  desired  fluxes,  mix 
intimately  as  directed,  and  transfer  them  to  the  correspond- 
i^ly  numbered  scorifiers  or  crucibles.    Now  smelt  into  the 
^^ttoH^  xvhich,  when  cleaned,  may  be  placed   in  the  same 
Mtnhered  scoop  of  B,  for  cupel lation.     Cupel,  and  place  in 
t^  C.     Part  by  nitric  acid  in  the  numbered  parting  flask  at 
thft  back  of  frame,  and  place  the  deposit  of  gold  from  cupel- 
led button  in  row  D. 
Tims,  A  1  would  receive  the  ore  for  ^^Asaaff,'* 

B  1  would  receive  it  when  weighed,  and  the  result- 
ant smelted  ^^BuUotl.'' 
C  1  would  receive  the  **  Cupelled  buUofU*' 
D  1  would  receive  the  ^'DeposW  of  parted  gold. 

Tiie  initial  letters  of  rows  thua  indicating  the  correspond- 
i&g  ijiitials  of  the  results. 


HOir  BCORIFICATION    FOR   OOLD   AND   SILVER   IS   PERFORMED. 

When  concentrated  sulphurets  of  iron  or  copper  contain 
gold»  they  should  (notwithstanding  what  has  been  said  in 
l&vor  of  scorification)  he  mixed  with  charcoal,  and  separately 
jmai^tAjd  and  stirred,  in  a  scorifier  or  crucible,  with  an  iron 
Iwire,  for  at  least  a  half-hour,  in  a  moderately  hot  muffle  or 
I  open  flro,  if  it  be  intended  to  extract  all  the  gold. 
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SiK'h  samples  should  be  niixeLl  with  charcoal,  in  a  well 
chalked  or  red-ochrud  scorilier ;  gradually  roasted  and  stirred, 
at  the  commencement  of  the  day^  as  the  fire  is  burning  Vf, 
withdrawn  as  soon  as  the  muffle  becomes  hotter  than  a  rec 
heat;  and  then  treated  as  ordinary  ores. 

For  these,  as  well  as  for  all  other  ores,  50  grains  is  as  muckB^ 
as  the  scoriiying  mode  will  do  justice  with;  and  you  ma>^ 
therefore  take  the  50  grains  fortius  roasting  ore  (or the  sara^ 
weight  for  any  other  that  does  not  I'equire  roasting),  unless* 
yon  preft^r  to  take  37.71  grains,  or  20.16,  and  thereby  tc^ 
avoid  all  caleolatioii  for  value  in  dollar,*!?  or  in  ouncea,  as  pre— ^ 
viousily  described,  f 

1.  It  ma}^  be  fused  with  test  lead  alone,  if  desired.     Tc^ 
one  part  of  the  ore  add  at  least  six  parts  of  test  lead  (leai 
granulated  and  free  from  gold  and  silver);  mix  these  inti-' 
mately  together,  in  the  same  scarifier  in  which  it  was  roasted^ 
and  cover  it  by  a  layer  of  six  parts  more  of  lead.     All  the 
silver  ores,  and  the  ordinarf/  gold  ores,  may  be  mixed  (without 
roasting)  with    lead^  and   immediately  scorified,  by  being' 
placed  in  the  hot  muffle,  according  to  their  numbers,  when, 
after  the  door  is  closed,  the  tire  is  urged  to  its  greatest  heat 
for  fi^fteen  minutes ;  during  this  time,  the  roasting  is  per- 
formed, when  the  lead  somew^hat  tardily  melts  into  numer- 
ous globules,  w^hieh,  falling  through  the  mass,  collect  and 
concentrate  the   precious  metals   by  fusito,  thus  forming 
union  into  one  central  bottom  button  of  lead.     In  some  fusi- 
ble samples,  the  smelting  is  now  completed;  but  it  will  be 
always  advisable  to  allow  the  button  of  lead  to  oxidize  into  — 
litharge,  by  the  opening  of  door  for  a  second  fifteen  minutes,  f 
which,  by  rendering  all  the  gangues  more  fusible,  greatly 
enhances  the  realization  of  its  gold  and  silver,  whilst  at  the 
same  time  it  reduces  the  size  of  the  button  for  cupellation. 
At  the  end  of  this  thirty  minutes,  it  will  be  advisable  to  stirH 
tlie  contents  of  each  scorifier  with  a  long  eighth  of  an  inch 
wire,  suitably  bent  to  an  L  hook  (using  a  clean,  separate  wire 
for  eacli),  and  note  particularly  that  the  molten  slag  does  not 
stick  to  the  end,  as  molasses  w^ould,  but  that  it  is  just  as  fluid 
as  the  molten  lead;  or  the  assay  lacks  sufficient  heat  for  the 
eflfectual  extraction  of  the  silver,  and  gold. 

By  the  way,  the  furnace  is  oftener  too  cold  than  too  liotH 
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<^harcoal  cannot  render  the  muffle  too  hot  tor  this  purpose; 

btvt  coke  or  stone-coal  may  do  so,  and  burn  the  bottom  into 

^oles.   (See  under  2,  for  addition  of  lead,  etc.,  when  cupelling.) 

^AAer  the  lead  has  oxidized  sufficiently  to  encroach  from 

^Ix^  side  of  the   scorifier,    entirely  over  the   molten  lead, 

*tk«  door  may  be  closed  for  ten  minutes,  to  increase  the  heat, 

^^"len  the  scorifiers  must  be  emptied  into  suitably  shaped 

^^i^d  numbered  conical  moulds,   and,  when  cold,  they  are 

^^X^aned,  hammered  into  cubes,  and  respectively  transferred 

^-^^  their  numbers  in  row  B  of  numerical  frame. 

^       They  are  next  cupelled  as  previously  described,  and  placed 

^^  row  C ;  and,  if  suspected  of  containing  gold,  parted  by 

wcid,  in  the  correspondingly  numbered  flask  at  the  back  of 

ame,  and  the  deposit  of  gold  placed  in  its  numbered  watch 

^biss  at  D. 

2.  As  litharge  (the  oxide  formed  from  the  lead)  attacks 
'the  scorifier,  half  the  weight  of  borax  (or  common  window 
^lass)  as  the  ore  may  be  used.  It  also  renders  some  earths 
much  more  fusible,  but,  I  think,  interferes  with  the  effectual 
initial  roasting  of  other  refractory  metallic  minerals,  by  seal- 
ing them  over  before  oxidation  is  eftected.  As  a  rule,  it  is 
better  to  use  one  of  them  where  ores  are  not  highly  charged 
with  sulphurets  of  iron,  or  copper.* 

In  the  calculation  of  value  of  button  in  ounces  or 
dollars  per  ton,  see  backwards,  under  third  and  fourth 
heading,  near  the  commencement  of  chapter;  and,  for 
parting  of  silver  and  gold,  forward,  under  twenty-fourth, 
twenty-fifth,  and  twenty-sixth  headings,  near  the  end  of  this 
chapter. 

Thus,  Ae  operator's  mind  being  thoroughly  relieved  by 
this  system  of  numbered  notes,  can  devote  all  his  attention 
to  the  appropriate  manipulations  that  must  be  so  closely 
watched,  if  correct  results  are  desired. 

Different  men  may  also  take  on  in  shifts,  if  necessary, 
without  confusion  or  injury  to  the  work,  at  any  stage  of  the 
operations. 

*  I  prefer  to  prepare  the  scorifiers  by  a  previous  fusion  of  a  small  amount  oj 
bcrax  therein,  to  form  a  sort  of  surface  glaze,  as  earthenware ;  which  protects 
the  Tessel,  without  hindrance  to  oxidation,  during  the  roasting  stage. 
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10.    ASSAYING  OF  SULPBDRETS  FOR  GOLD,  BY  PRELIMINARY  WATEfU* 
CONCENTRATION,     FINISHED      liY     CRUCIBLE,     SCORIFIER,     OR. 
MACHINE,  80  AS  TO  ASCBRTAIN   HOW  MUCH  CAN  BE  OBTAINED 
BY    CHLORINATION. 

This  is  tlie  mode  par  excdlcnce  for  the  practical  purpose,  of" 
what  can  be  obtained,  after  milling,  bj  ehlurination.  You 
may  concentrate,  as  described  in  Chapter  III,  a  very  large 
quantUi/^  for  correct  average,  precisely  as  is  done  on  the 
large  scale,  and  thus  obtain  an  exactly  similar  result,  by 
drying  and  roasting  the  heavy  residue  for  treatment 
lollows. 

A.  By  roasting  and  crucible  fusion,  as  described  under' 
No.  5,  and  deduct  one-tenth  of  thig  fine  gold  fire  assay,  for , 
what  should  be  obtained  by  chlorination. 

To  dispense  with  calculation,  you  may  also  refer  back  to 
No*  4;  or,  to  make  it  re-appear  here  in  still  plainer  terms,  to 
proceed  on  the  following  basis*  As  a  2000  pounds  avoirdu- 
pois ton  of  gold  contains  29166J  Troy  ounces,  it  follows  that, 
if  any  weight  be  made  that  contains  this  same  number  of 
units,  each  and  every  one  of  such  units  of  weight  that  can^ 
be  obtained  from  a  gold  sample  will  be  the  correct  repre- 
sentations of  ounces  per  ton  of  such,  thus  obtained,  alloy  of 
gold,  silver,  etc. 

For  crucible  smelted  assay  of  quartz  that  contains  any 
amount  of  sulphurets,  etc,  yon  may  take  the  ojie-tenik  of  a 
Troy  grain  as  a  suitable  iiuit  to  represent  one  ounce  (which 
is  len  lirties  the  weight  of  the  smtdlest  wkUe  weight,  of  the  very 
superior  set  of  guaranteed  weights  manufactured  by  OertliDgJ 
of  London).  You  can  make  a  rough  brass  weight  for  your- 
self, by  putting  into  one  pan  of  your  scales  21)lt>6|  of  these 
units  (that  is,  2916  grains  and  J|0  tenths  of  a  grain,  or  6  Troy 
ounces,  1  pennyweight,  12|  grains),  and  tiling  your  new 
weight  to  balance*  Mark  this  ** assay  ton/'  for  unit  ounce, 
of  the  one-tenth  grain  (or  second  ten  weight)  of  Oertliug, 

Thus,  if  the  button  weighed  8  of  such  weights,  it  would 
he  8  ounces  per  ton,  of  such  and  such  fineness  or  value  per 
ounce*  If  8  and  two-tenths,  it  would  be  8  ounces  and  (twice 
two-tenths)  4  pennyweights. 

The  fine  gold  can  be  re-weighed,  after  it  has  been  parted, 
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«uid  multiplied  by  20.67  for  dollars  per  ton.    (See  "Parting," 
%;owards  the  end  of  chapter.) 

B.  For  scorification  of  quartz  that  does  not  contain  more 
^han  fifteen  per  cent,  of  the  heavy  sulphurets  and  gold,  a 
't^enth  of  the  last  quantity  may  be  taken,  and,  provided  a 
vnagnet  or  magnetized  knife-blade  is  used  to  extract  the 
xnetallic  iron  (broken  from  the  mortar),  this  will  generally  be 
^^thin  what  is  found  in  quartz  ledges. 

In  taking  this  weight,  291.66  grains,  or  12  pennyweights 

snd  8f  grains,  to  make  a  weight  for  a  scorifying  "assay  ton," 

^he  one-hundredth  of  a  grain,  or  the  smallest  white  weight 

of  the  Oertling  balance,  stands  as  unity,  or  the  "assay  ounce." 

It  may  often  happen  that  no  more  than  one  and  a  half  per 

cent,  of  sulphurets  occur  in  ledges;  so  that  the  larger  of  these 

** assay  tons"  concentrated   residues  (with  the  precautions 

taken  for  iron),  may  be  even  scorified,  without  requiring  the 

concentrated  sample  to  be  further  reduced  by  acid. 

C.  Take,  for  machine,  160  grains  of  quartz,  that  contain 
no  more  than  fifteen  per  cent.,  or  1600  that  contain  less  than 
one  and  a  half,  and  after  concentration,  ridding  of  metallic 
iron,  drying,  and  roasting  as  for  the  crucible  and  scorifier, 
flux,  smelt,  and  cupel  by  machine,  as  directed  for  the  assay 
of  silver  ores  by  the  machine. 

The  value  is  then  read  under  its  calculating  lever,  or 
between  its  diverging  metallic  slips,  in  dollars  per  ton,  at 
sight,  for  the  160  grain  ton,  and  by  taking  off  one  figure  (or 
decimating  it)  from  the  right-hand  side  of  the  underlying 
column,  that  is  headed  by  a  similar  number  to  that  on  the 
weight,  the  answer  to  1600  grains  may  be  known. 

11.  ASSAYING  BY  MERCURY,  CRUCIBLE,  SCORIFIER,  AND  MACHINE, 
TO  KNOW  WHAT  PROPORTION  OP  GOLD  CAN  BE  OBTAINED  BY 
AMALGAMATION. 

This  is  again  par  excellent^  and-  the  only  method  that  truly 
indicates  how  much  gold  may  be  obtained  by  battery,  pan, 
arrastra,  or  barrel  amalgamations ;  and  these  (No.  10  and  No. 
11)  methods  also  show,  when  combined,  how  much  there  is 
really  in  the  rock,  how  much  can  be  extracted  by  ordinary 
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milling,  and,  by  their  difference,  what  the  sulphiiretB 


worth 


Take  the  b 


8t 


1 


ght  named  (of  6  ounces,  1  penny- 
weight, and  125}  grains)  of  ore;  concentrate,  anrl  place  the 
heavy  rcaidne  into  an  iron  mortar,  with  a  cupful  of  water, 
Next  add  about  one  pound  of  well  strained  and  cleaned  mer- 
cury, and  stir,  without  grinding  too  mueli  (for  the  object  is 
to^  amalgamate  only  the  free  gold),  for  about  two  honn^i,  when 
you  may  leave  it  over  night.  Stir  for  a  few  niinuteH  in  the 
morning,  with  the  mortar  full  of  water;  pour  oft*,  and  care- 
fully strain  the  mercury  tlirough  a  compact  chamois  or  buck- 
skin* If  tlie  rock  i.s  very  poor  for  gold,  it  will  be  convenient 
to  add  about  one  grain  of  xinc,  or  fine  silver,  to  amalgamate 
with  the  mercury,  bo  as  to  obtain  a  more  tangible  body  of 
amalgam,  for  straining  and  fire  treatment. 

Sublime  the  amalgam  in  a  crucihle^  either  in  the  fire,  or 
before  the  machine's  roasting  furnace,  to  pass  off  the  mer- 
cury, etc,  Kext  tlux  in  cruciblej  in  ecorifier,  or  before 
machine,  like  the  silver  or  lead  assays;  cupel,  and  part,  if 
necessary;  and  ascertain  its  value,  as  before,  by  the  unit 
weight  system. 

In  thia  instance,  the  gold  being  little  and  free,  the  machine 
equals  the  scorifier  and  crucible  for  quantity,  and  requires 
the  assistance  of  their  w^eighiug  machine;  but  it  might  have 
been  performed  for  the  three  by  the  calculating  lever  of 
machine,  if,  instead  of  the  'Vassay  ton''  being  29166  grains, 
it  had  been  either  16000,  1600,  or  160  grains,  as  required  to 
conform  to  the  principle  of  its  calculating  lever. 

If  the  160  had  been  taken,  the  table  would  have  been  read 
in  dollars  per  ton  at  sight. 

If  1600,  the  right-hand  figure  should  have  been  cut  off  or 
decimated. 

If  16000,  two  right-hand  figures,  etc. 


I 


12.    FREE  GOLD    IN    QtARTZ    MAY    BE    KEADILY  ASSAYED    BY  PRAC- 
TICAL  MEN,    WITH    ORDINARY   TOOLS,    AS    FOLLOWS. 

A.  Concentrate  the  finely  pulverized  "assay  ton'*  of  6 
TVoy  ouneeSj  1  pennyweight,  aud  12f  grains,  very  careftiUy^ 
in  the  manner  described  in  Chapter  IH,  Section  UL 


MBTALLURGISTS'   COMPANION.  289 

If  very  close  results  are  required,  such  as  will  not,  how- 
ever, be  very  probably  realized  on  the  large  scale,  first  shake 
the  sample  in  a  close  bottle,  to  thoroughly  wet  the  ore,  and 
settle  the  gold,  that  might  otherwise  float  away  in  first  water. 
After  the  iron  has  been  extracted,  before  the  water  has  been 
poured  off,  by  a  magnetized  knife-blade  or  magnet,  dry  the 
solitary  residue  of  granular  gold,  by  placing  the  basin,  saucer, 
or  plate,  over  a  coffee-pot  that  contains  boiling  water,  or,  in 
this  case,  over  any  warm  surface,  lamp,  or  fire,  and  transfer 
or  sweep  it  into  a  previously  balanced  scale-pan,  or  paper,  as 
described  under  No.  14,  for  the  most  exact  weighing  of  small 
quantities.  Each  tenth  of  a  grain  thus  obtained  will  repre- 
sent one  ounce  per  2000  pounds'  ton  of  this  alloy  of  gold, 
silver,  iron,  copper,  etc.  If  you  have  no  tenth  grain,  divide 
one  end  of  the  lever  into  te#parts,  and  make  a  rider  grain 
weigb||^  bending  a  small  piece  of  wire,  or  dry  twine,  into 
the  slJII^of  a  horse-shoe,  when  each  mark  will  represent  a 
tenth  grain,  and  one  ounce  per  ton.  K  your  scale  is  a  very 
common  one,  take  ten  times  this  quantity  for  "assay  ton," 
and  every  grain  will  represent  an  ounce. 

B.  If  it  be  desired  to  have  a  button  of  gold  from  this 
residue,  by  fusion  with  machine,  place  the  fine  gold  in  one 
of  the  prepared  charcoal  supports,  cover  with  a  thin  layer  of 
borax  glass,  this  again  by  a  thin  layer  of  say  20  grains  of  test 
lead,  and,  after  lowering  the  suspended  covering  of  charcoal 
as  close  down  over  the  assay  as  practicable,  smelt,  by  care- 
fully increased  blast,  into  auriferous  lead,  and  cupel  as 
described  in  the  fifteenth  mode,  for  the  silver  assay,  by 
machine.  This  will  still  be  an  alloy  of  the  pure  metals,  gold 
and  silver,  which  can  be  approximated  by  the  practical  eye  for 
carat  vahce;  but,  if  gold  is  correctly  required,  it  must  be 
parted  as  described  towards  the  end  of  this  chapter  (under 
No.  24),  by  acids. 

C.  Amalgamate  with  mercury,  sublime  or  retort,  and 
smelt  as  under  No.  11 ;  or  by  machine,  as  above. 

13.   GOLD  AND   SILVER  ASSAYING    BY   COMMON   BLOW-PIPB. 

Pulverize  and  mix  your  sample  with  even  more  care  than 
before ;  take  about  five  grains  therefrom,  which  place  in  an 
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agate  raoiiar  or  saucer,  and  grind  it  still  finer  with  the  p 
or  email  flat  stouesj  to  an  impalpable  powder.  Next  weigh, 
from  the  mortar  or  saucer^  just  one  grain  for  the  assay  (which 
is  as  much  as  the  common  blow-pipe  will  successfully  reduce); 
with  thia  intimately  mix  its  weight  of  borax  glass,  and  six 
times  its  weight  of  test  lead. 

Prepare  a  cartridge — or,  belter,  a  few  dozen  spare  ones — 
by  cutting  oblong  strips.  If  inches  long  by  1  inch  wide,  from 
soft  bulbous  letter-paperj  which  soak  in  a  saturated  solatioa 
of  carbonate  of  soda  j  after  these  strips  become  dry,  roll  them  J 
on  the  butt-end  of  a  common  pencil,  that  is  one-quarter  of  an 
inch  in  diameter,  so  that  sufficient  may  also  overlap  to  form 
the  bottom  of  cartridge;  moisten  the  last  folds  of  the  side 
and  bottom  with  flour  paste;  then  take  off,  and  dry  for  use. 
Transfer  this  weighed,  fluxed,*nd  leaded  sample  to  an  empty 
rifle  cartridge,  sewing  tliimble,  or  more  suitable  s(^^  if  you 
have  it,  and  mix  it  thoroughly  together  with  a  nMrie,  very 
small  and  smooth  twig  of  wood,  or  smootlied  match.  Select 
a  good  piece  of  charcoal  (white  pine  and  i^iltow  are  best), 
free  from  cracks,  and  of  the  size  and  shape  of  the  largest  ■ 
new  cork  for  a  wine  bottle.  The  willow^  coa!  is  most  readily 
shaped  by  Bimply  cutting  oft'  the  branch  as  it  grew,  mto 
lengths.  Into  each  end  [so  that  it  may  serve  twice)  drill, 
with  a  suitably  sized  charcoal  borer,  a  sharp  knife,  or  sharp- 
ened piece  of  hard- wood,  a  central  hole,  a  UUlc  larger  than 
the  [prepared  cartridge,  and  a  quarter  of  an  inch  deep;  place 
it  therein,  and  thus  supported  in  the  charcoal,  which  verti- 
cally rests  near  the  edge  of  a  clean  table,  carefully  sweep  the 
sample,  with  what  may  have  di'opped  on  the  table,  with  a 
camel-hair  brush,  therein;  add  3  grains  more  of  test  lead,  ou^| 
the  top,  and  fold  the  surplus  paper  well  down  over  the 
enclosed  sample,  for  better  resistance  of  the  first  effects  of  the 
blast,  during  smeliiugt 

Next  learn  to  blow  the  whole  of  the  flame  of  the  candle  or  | 
lamp  betbre  the  pipe,  wiikoid  am/  cessation^  for  fifteen  minutes, 
and,  when  you  can  do  this  efficiently — which  practice  alone 
can  realize — ^you  may  proceed  with  the  assay  as  follows. 

Take  into  the  left  hand  the  charcoal  support,  w^liich  con- 
tains the  cartridged  sample,  and  surround  it  by  the  thumb 
and  all  the  fingers,  in  such  a  manner  that  the  assay  may 
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held  either  horizontally  or  diagonally^  whilst  it  is  being  also 
fumed  by  ike  fingers  on  its  own  axiSy  as  most  desirable.  This 
will  also  require  some  considerable  practice. 

When  these  can  be  properly  performed,  closely  trim  your 
olive-oil  lamp,  so  that  no  stray  fibers  shall  cause  imperfect 
combustion,  before  its  flame  is  at  maximum  strength ;  place 
the  lamp  at  suitable  and  convenient  distance  and  height 
before  you,  so  that  all  the  imperatively  necessary  manipula- 
tions may  be  most  readily  performed. 

Now,  with  a  gentle  pressure,  blow  the  blue  flame  upon  the 
horizontally  held  assay,  until  the  upper  lead  melts  and 
becomes  safely  ensconced  in  the  molten  slag ;  next  gradually 
increase  the  blast,  Incline  the  assay  towards  the  nozzle,  and 
enclose  it  in,  or  cover  it  by,  the  point  of  the  whole  mass  of  the 
yellow  flame,  so  that  the  ore  may  be  reduced  as  quickly  as 
possible  to  metal,  by  the  greater  heat  thus  produced,  and  the 
exclusion  of  atmospheric  oxygen. 

During  this  reducing  stage,  three  things  must  be  more 
particularly  noticed. 

1.  That  the  pressure  is  not  too  much,  nor  too  little,  but 
such  as  is  seen  to  be,  by  bright  combustion,  most  suitable  for 
maximum  heat. 

2.  That  the  lead  is  red  hot,  and  travels  freely  around  and 
through  the  mass  of  slag,  at  your  pleasure,  by  suitable 
twist  and  inclination  of  the  suj)port. 

3.  Towards  the  close  of  this  smelting  operation  (which 
generally  requires  from  eight  to  fifteen  minutes),  most  par- 
ticularly observe  that  the  scorise  becomes  "orbicular;"  or, 
more  intelligibly,  that  the  molten  lead  button  is  partially 
enclosed  by  the  mobile,  supple  slag;  as  the  ball  of  the  eye  is 
by  its  lid. 

This,  when  cold,  may  be  most  easily  separated  and  cleaned, 
by  being  enclosed  in  a  small  piece  of  rag,  or  a  few  folds  of 
paper,  (which  safely  retains  the  whole  and  effectually  releases 
the  lead  from  its  slag),  and  thus  hammered  flat.  The  lead  is 
aow  again  hammered  into  a  cube,  and  further  cleaned  with  a 
tooth-brush,  for  more  perfect  cupellation. 

A  small  recess  may  be  cut  into  a  piece  of  charcoal  (the 
space  left  after  smelting  the  assay  will  often  do),  and  filled 
with  moistened  bone  ash,  which  may  be  compressed  into  a 
16 
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smooth  pit  witb  a  tea  or  fialt-Bpoon,  if  you  hare  no  moreJ 
ftuitiible  tools,  and  then  slowly  dried  for  the  eupellation  of| 
button. 

This  is  next  warmed  before  the  blow-pipe's  flame  to  rerf-J 
ness^  and  the  lead  being  put  thereon,  after  it  is  rendered  redl 
koii  or  nwltmy  in  the  reducini^  flame,  it  is  held  beyond  the  tifl 
of  the  small  ami  corneal  bbie  f{a7fu\  for  oxidation  of  the  lead 
and  other  base  minerals,  and  consequent  puritieation  of  th^l 
precious  metals,  gold  and  silver. 

This  operation  is  completed  when  the  peculiar  appearance  J 
of  the  button  of  silver  or  gokl>  called  '' brightening/'  is  ■ 
exhibited,  which  had    better  be  practically  studied  before 
blow-pipe,  on  small,  known  sized,  silver  and  gold  buttons,^ 
purposely  alloyed  with  lead,     (See  '*  CJupellation  of  Button," 
fi'om  crucible  assay  of  gold  and  silver,  in  Kxample  I,  of  this 
chapter,  for  its  appearance.) 


14.    WEIGHIKG    OF   SMALL    BUTTONS. 

Uowever  difficult  the  smelting  and  cupelling  manipulationfj 
for  the  assay  of  gold  and  silver  by  the  common  blovv-pipel 
may  be,  that  of  weighing  tlie  resultant  button  is  even  more 
so;  and,  as  it  has  not  been  previously  elucidated,  it  is  there- 
fore eminently  worthy  of  some  especial  observations  regard- 
ing these  practical  difficulties  that  have  to  be  encountered, 
as  well  as  the  best  means  for  surmounting  them. 

The  IJerzelian  glass -cased  portable  balance  is  the  most  I 
convenient  and  best  for  minute  weighings.  The  lever  is 
poised  on  a  very  delicate  knife-edged  fulcrum,  which  msts  on 
jewels  that  are  supported  in,  and  rocked  by,  a  pendulous 
cradle^  that,  under  all  circumstances,  settles  in  vertical  and  _ 
accurate  position.  This  cradle  (which  is  its  best  character- 1 
iatic)  supports  the  whole  scales,  and  is  attached  to,  and  sus- 
pended from,  a  square  bar,  that,  by  sliding  in  a  suitable 
socket,  hoists  or  lowers  the  pans  oil"  from,  or  on  to,  the  bed- 
platCj  during  the  operations  of  weighing,  A 

The  warranted  weights  that  are  made  by  Oertling,  of  Lon- 
don, are  most  reliable  and  convenient,  which,  by  ranging  _ 
and  decimating  from  1000  grains,  through  100  grains,  to  10  f 
grains,  to  1  grain,  to  one-tenth  grain,  and  to  one-hundredth 
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of  a  grain,  aftords  every  facility  for  varying  the  guaniities  that 
Lifcpe  rcfiuirGcl  for  water,  chemical,  volumetric,  crucible,  scori* 
Ifier,  and  blow-pipe  assays ;  as  well  as  their  respective  aclvau- 
Itages  for  decimal  calculatious  by  their  iive  unite,  for  hun- 
[dredths,  tbouiiandths,  or  two-thouaandths  division. 

To  weigli  a  silver  or  gold  button,  that  has  bacn  produced 

[from  a  one-grain  sauiple^  it  will  be  tirat  necessary  to  prepare, 

iid  examine  the  action,  of  such  a  new  scale,  as  to  ita  sus- 

ce[^tibility ;  which  may  be  done  in  the  following  manner, 

Take  out  the  beam,  lay  it  on  a  board,  and  carefully  mark  oft' 

Its  right  half,  with  a  square  and  compass,  into  ten  equal  parts, 

by  scratching  its  nearer  edge  and  side  with  a  needle's  point; 

id   these  again   into  tenths,  by  shorter  and   less  distinct 

lines,  and  its  left  half  into  twenty  parts  for  pennyweights.* 

Keplace  the  lever,  and  make  a  weight  from  a  very  small 
ind  dry  white  thread,  so  that  it  may  exactly  equal  the  small- 
St  of  the  Oertling  white  aluminum  weights  (one-hundredth 
a  grain);   bend  this  thread  weight  to  a  right-angle  or  L 
pe,  for  a  rider-weight. 

ix  permanently  a  brass  or  tin-plate  tube,  that  contains  a 

lens,  to  the  tipper  part  of  the  glass  case,  in  such  a  manner 

that  you  can  distinctly  read  the  magnified  motions  of  the 

Icradle  pendulum,  that  carries  the  scale  of  degrees,  and  that 

lof  tlie  pendulous  poiuter  from  the  beam  to  these  degrees, 

Wh  when  the  glass  door  of  the  case  is  open,  as  well  as  when 

'''     ^>sed. 

Ate  your  scales  by  the  thumb-tackle,  so  that  the  pans 
^^y  be  about  one-fourth  of  an  inch  above  the  bottom  of  the 

*TUiictJi  be  mait  readily  And  correcUy  ACcompUshed  by  driirmg  a  bole,  nbotit 
'^  iiicbes  from  the  lefl^haad  straight  edge  of  a  suitably  iiKed  board,  to  snugly 
fee«lw  fh^.  kfitfe-cdged  ccotral  axis  of  levrr,  when  the  beam  must  be  placed, 
^^'  1  m^  and  firRjly  eecured  by  smaU  tacksj  in  a  position  just  parallel 

^  1   the  drawing  board.     Next  take  one  side  of  an  ordinary  cigar- 

"*^  and,  aflcf  pasting  ihcrcou  a  white  sheet  of  paper,  mark,  by  cross  lines,  the 
*****  p(Miiiou9  of  the  c*?ntre  and  end  knives  of  balam-e  lever>  and  divide  the 
^M  #&{]^  g^  ^y  crosi  linej,  into  equal  tenths,  and  the  other  into  twenty  parts  ; 
.**^  Ifcea^  by  other  lines,  first  drawn  parallel  with  beam;  then  divide  across 
*■  ftlll  «ad  by  diagonal  linos  (drawn  from  one  to  two,  etc.)  into  tenths,  and 
^  '  nr,  or  twcnty^four  parts  (for  reasons  described),  and,  assisted  by 

\  f%  needle  for  pegging  position,  scratch  witb  another  ucedle  cor- 
^'  n  the  beam  of  scalea,  so  that  they  may  be  distincUy  seen 
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case,  and  scratch  a  mark  on  the  square  bar  that  elevates  tl 
scales,  so  that  they  may  be  always  raised  to  the  same  height- 
Drill  with  a  brad-awl  two  holes  in  the  bottom  of  the  ca8e,  on 
the  nearer  side  of  each  pan,  and  turn  two  pieces  of  wire  into 
C  shapes,  so  that  the  limbs  of  the  C  being  placed  down- J 
ward,  they  may  be  forced  into  these  holes,  nntil  the  back  or  j 
body  of  the  letters  shall  form  transverse  bridges  in  front  ol 
the  ecale-puns,  about  three-fbnrths  of  an  inch  high  from  the 
bottom  of  the  case. 

Break  a  piece  from  oft'  the  end  of  an  old  clock's  main- 
aprmg,  about  two  inclies  long,  on  which  tlie  eye  remains,  and 
force  the  plain  thin  end  in  tlie  joint  formed  by  the  wood  at 
the  top  of  the  glass  case,  so  that  the  bow  at  the  other  end 
may  gently  spring  on  to  and  liold  the  glass  door,  when  it  id 
necessary  to  1)e  retained  thus  elevated.  This  is  moeh  better 
than  the  silken  loop  and  brass  pin  that  are  supplied  w^ith  the 
case  for  this  purpose. 

Being  thus  accommodated  with  facilities,  you  had  better 
Bit  before  tlic  instrument,  and  study  for  awhile  tlie  natm^I 
motions  of  the  pointer,  and  perululous  cradle,  that  carries 
the  graduated  ivory  scale  ;  and  notice  more  particularly  that 
their  oscillations  shoukl  be  regular,  long  continued^  and 
gradually  lessen  to  a  very  sliglit  movement,  before  final  set- 
tlement. Kow  take  a  piece  of  very  thin  glazed  paper,  and 
cut  a  strip  thereirom  of  about  the  width  of  a  pin,  and  trans- 
versely cut  from  this  strip  otiier  very  short  pieces,  to  bring 
the  beam  to  balance  by  placing  tliem  in  either  pan,  as 
may  be  required.  Read  these  magnified  minute  motions 
scrupulously  exacts  and  he  sure  that  the  scales  are  proj)- 
erly  balanced,  before  weighing  any  very  small  quantity,  for 
value. 

Having  proceeded  thus  far,  cut  off  from  the  same  thre^id 
of  which  the  rider  was  made,  a  piece  of  only  one-fifth  its 
length,  and,  after  observing  that  the  pointer  is  still  straight 
with  the  mark,  drop  it  into  one  of  the  pans,  without  lowering 
them,  by  gently  tapping  the  forceps  on  the  transverse  wire 
bridge  in  front. 

If  this  turns  the  beam,  and  is  seen  by  tlie  pointer,  it  may 
be  sufficiently  near  for  your  purpose  in  the  ailver  assay 
($7.54) J  but,  if  it  does  not,  you  may  make  the  beam  more 
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fiuaeeptible  by  carefully  operating  thereon,  at  your  own  risk, 

as  follows. 

Unhook  the  pans  from  both  eutk  of  the  main  lever,  and 

ffraduallf/  and  carefuUy  file  or  scrape  the  peinliilous  pointer 

lighter  (which  lessens  the  distance  between  the  centres  of 

gravity  and  floatation),  until  it  will  do  so;  which  is,  however, 

a  somewhat  dangerous  operation,    fur  it  may,  when  over- 

\  acted,  render  the  balance  wild  and  irregular  in  settling:  this, 

however,  may  be  cured  by  putting  on  a  small  silver  or  gold 

globule  over  the  lower  encl  of  the  pendulous  pointer. 

f       I  liave  a  baLinee  of  this  kind,  prepared  in  this  manner, 

that  tunm  with  half  this  qujuitity  ^tlie  one-ten-thousandth  of 

a  grain,  which  represents  $3,77  per  ton,  on  one  grain  assays), 

[nj  is  recorded  by  the  thread  rider,  when  it  is  moved  but  a 

one  hundredth  ma^k  on  the  lever. 

The  Imhuieing  by  small  pieces  of  paper  is  a  slow  and 
tedious  attuir,  wlueh  I  have  avoided  by  fixing  a  weak  mag- 
netic needle  in  a  suitable  side  position,  at  the  proper  height 
in  the  case;  so  horizontally  swivelled  on  central  and  side 
jvivots,  that  the  alight  positive  and  negative  powers  nuiy  be 
\  applied  at  varying  distances,  to  attract  or  repel,  as  required. 
It  is  prompt,  effective,  and  exact,  as  well  as  a  great  comfort. 
in  use. 

Having  aseertaiucd  that  your  scales  are  sufficiently  exact, 
you  may  now  take  tlie  button  from  the  hone  ash,  by  liolding 
it  on  edge  in  a  clean  saucer  or  plate  (which  is  much  better 
than  paper,  because  the  latter  springs  the  button  away,  and 
it  is  often  thus  lost),  and  gently  remove  it  by  a  judicious  twist 
with  a  pen-knife.  After  this  minute  button  is  cleaned  to 
your  satisfaction,  which  can  ]>e  seen  witli  a  magnitying  glass, 
move  the  plate  or  saucer  close  to  the  acale-box,  see  that  the 
beam  is  still  balanced,  and  take  the  button  in  the  forceps 
at  about  an  eighth  of  an  inch  back  from  its  point  (which 
flhould  be  filed  taper),  and  carefully  transfer  it  w^ith  the  riglit 
hand  to  the  left-hand  scale-pan,  by  tapping  rer^  %A%  on 
the  cross-bar  in  front. 

Now  place  the  white  thread  rider  on  the  other  (graduated) 
end  of  lever,  vnih  the  forceps,  without  jostling  the  lever  in 
the  slightest  degree,  and  move  it  until  the  pointer  again 
indicates  exact  ef[uilibrium,  as  before.     All  this  niust  be 
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done,  for  very  small  buttoua,  with  tbo  pans  suspended  aU  (hi 
tvhilt\  from  the  first  empty  gt-ales'  balance  to  tlie  coinpletior 
of  the  weighing  of  the  button,  as  the  slightest  nioveineiit.  bvl 
changing  the  point  of  reBt,  destroys  equipoiee. 

It  will  be  ahvay>»  advisable  to  at  least  repeat  the  balanriii^J 
and  weigliing,  and  la8tly  to  check,  by  placing  the  rider  on 
this  suppo.sed  truthlul  position  first,  and  then  to  merely  drof 
the  button  into  tlie  suspended  pun,  tor  positive  results. 

If  the  button  weighs  lest^  than  wlien  this  rider  ie  on  the 
fii^st  tenth  mark,  the  beam  may  bo  fii-st  Manevd  with  the  ryic. 
m  this  mark,  and  the  button  being  then  dropped  into  the 
pan^  its  weight  may  be  more  easily  and  correctly  read,  by 
the  adddiomd  lemjlh  that  the  rider  is  moved  outirards^  tc 
re-balance  it. 

Use  the  same  scale-pan  for  weighing  the  button  as  you  die 
for  the  assay,  so  that  any  difference  in  the  lengths  of  the 
lever  ends  (which  is  often  the  case)  may  not  cause  incorrect 
results.  (See  under  the  twenty-second  heading  of  this  chap 
ter  for  the  weighing  of  parted  gokL) 

To  calculate  the  value  of  sucli  a  button,  when  obtained 
fi'om  a  one-grain  assay,  let  one-tenth  of  the  weight  of  tbi 
thrend  rider,  wdiich  is  one-thousandth  of  the  one  grain,  standi 
for  an  unit  of  calculation,  as  previously  explained,  wdnekj 
may  be  either  directly  multiplied  by  29,16  for  ounces,  or  bj 
87*7  for  dollars  {)er  2000  pounds  ton ;  or  you  may  multiply] 
tliia  weiglit,  as  obtained  from  1000  such  units,  by  2,  tu  idiov 
what  a  double  smelting  would  have  given,  which  would  be 
exactly  that  of  or  from  tlie  2000  assay  ton,  which,  by  beiuj 
multiplied  by  its  multiplier  of  14.58  for  ounces,  antl  ^' 
for  dollars,  will  realize  the  same  amounts. 

Having  made  yourself  thoroughly  certain  of  what  consti^ 
tntes  the  unit,  or  first  whole  number,  for  the  diflv  ^  i:in- 
tities  taken  from  time  to  time  for  the  different  moil.  :iv_ 

you  may  refer  to  tlie  following  table  of  multipliers,  which 
as  you  will  see,  is  founded  on  the  foregoing  oxplanatiom^. 

If  2000  grains,  200  grains,  20  grains,  or  2  grains,  bo  takei 
for  the  2000  pounds  assay  ton,  each  unit  or  pouoil  (of  twc 
thousandths  the  weight  taken)  must  lie  multiplied  l 
for  ounces  per  ton  of  gold  and  silver,  and  by  1^>'  ♦'^^^ 
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The  multiple  fortlie  t*oin  value  of  any  nation  raay  be  found 

'  fcy  simply  multiplying  any  unit  of  weight  by  the  desired 
money  it  will  realize. 

i  Where  the  ton  is  not  capable  of  direct  decimation,  or 
•variable,  mvh  m  the  English,  it  is  better  to  take  2240,  2352, 
or  2300,  as  the  case  may  require,  of  such  assay  pound  units, 
for  the  assay  ton,  and  use  the  above  multiplier??. 

I  These  multiplier?;  may  he  then  tabled  as  follows,  to  suit 
the  required  fractional  quantities  taken  for  different  methods 
of  assay. 


I 


^or  1  assay  ton,  the  assay  pound  x  14.58  gives  the  ounces  of 

gold  and  silver  per  ton* 
For  I  assay  ton,  the  assaj/  pound  x  29,16  gives  the  ounces  of 

gold  and  silver  per  ton. 
For  \  assay  ton,  the  assay  pound  x 58.32  gives  the  ounces  of 

gold  and  silver  per  ton. 

For  1  assay  ton,  the  assay  pound  x  18.85  gives  dollars  in  silver, 

and  X 301.36  dollars  in  gold. 
For  I  assay  ton,  the  assay  pound  x37-7  gives  dollars  in  silver, 

and  X  002.73  dollars  in  gold. 
For  \  assay  ton,  the  assay  pound  x75.4  gives  dollars  in  silver, 

and  X  1205.46  dollars  in  gold* 

These  muUiplierH  will  be  all  that  you  will  require  for 
quantity  taken;  and  for  any  of  the  (ons^  if  the  number  of 
assay  jTOund  units  are  taken  that  constitute  suck  diffa'eni  assay 
tons,  when  decimated  weights  are  used.  I  have  covered  con- 
siderable space  to  explain  these  teclmicalitief*  to  the  amateur, 
because  he  is  suppot^ed  to  know  but  little  of  these  mattere; 
and  I  hope  that  I  have  succeeded  in  rendering  them  saffi- 
eiently  clear  to  his  view  for  all  practicul  purposes.  He  must 
not  forget  that  the  principle  of  caktihition  hinges  entirely  on 
the  assay  ton  and  assay  pound,  the  latter  being  the  unit  for 
calculation;  and  that  where  the  above  fractions  of  t lie  tons 
are  used,  the  same  unit  is  retained,  and  consccpjcntly  the 
multiplier  must  in  all  cases  bo  equal  to  that  used  for  the  full 
ton,  multiplied,  when  it  can  be,  try  the  denominator  of  the 

eof  ton  tnken,  as  that  of  the  last,  for  the  scorifier, 
the  first,  multiplied  by  4,  equals  the  last  multiplier. 


I 
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Or  it  may  be  done  for  any  quaniiUj,  as  a  compound  tractioi 
by  inverse  proportion,  thus:  It*  2000  pounds  reqv 
multiplier  of  14.58  for  ounces  per  this  ton,  what  multiplier 
will  500,  or  miy  oihcr  (juaniiiyy  require,  to  ascertain  its  value 
per  ton  in  ounces?  It  will  require  a  larger  multiplier,  as 
already   ^liown,    so    that    ^^*''«==  58.32  j    so,    for  doll 


IW^^ 


He  will  also  remember  that  any  of  the  units  may  be  taken, 
where  it  is  of  suitable  weight  for  making  an  assay  ton  of  the 
right  weight,  from  the  correct  numlier  of  such,  to  enit  the 
method  of  assay.  For  inatanee,  the  crucible  assay  may  be 
made  from  2000  grains,  or  200  grains,  or  20  grains,  because 
you  can  very  readily  divide  into  the  2000  units  in  each  case; 
whilst  2  grains  can  be  also  thus  divided,  for  the  principle  of 
figuring,  in  the  half-ton  taken  for  the  one-grain  blow-pipe 
assay,  when  calculated  by  the  rider,  as  explained. 

English  readers  may  take  any  one  of  the  tons,  as  2240 
pounds,  for  assay  ton,  and  any  suitalile  unit  tliereof  for  assay 
pound,  to  suit  the  kind  of  assay,  so  that  the  unit  or  number 
of  units,  or  assay  pounds,  realized,  being  multiplied  by  14.58 
(the  number  of  Troy  ounces  to  the  avoirdupois  poimd),  the 
Tr*>y  ounces  per  ton  can  be  ascertained,  and  the  numey  value 
be  also  known  by  multiplying  the  ounces  per  ton  by  the  value 
of  the  silver  or  gold,  according  to  the  fineness  of  the  button, 
or  rates  given  for  fine  gold,  or  silver,  at  the  time  and  place. 
(See  heading  4,  for  suitable  assay  ton,  for  self- calculation, 
and  sul>division  into  ounces  and  pennyweights,  by  rider  on 
suitably  divided  beam.) 

So  alno  may  the  value  for  the  one  ton  be  easily  obtained, 
by  proportion,  from  any  known  value  of  the  other;  as,  sup- 
posing the  2000  pounds  American  ton  yielded  3.12  ounces, 
the  2240  pounds,  or  any  other  English  ton*s  value,  may  be 
known  thus;  The  8.12  ounces,  multiplied  by  tlie  2240,  and 
divided  by  the  2000,  will  show  the  corresponding  yield  of 
sucli  a  ton  to  be  3,4LH  ounces,  etc. 

In  .sIdUed  handsy  with  good  took,  when  in  comfoHabk  quarters^ 
the  eommon  blow-pipe  is  excellent  for  the  testing^  and,  whm 
aecompamed  hy  very  superior  sailes^  even  as\sayuiy  of  silvn*  ore^j 
which  can  be  mixe4  to  a  fair  avcraye;  but,  hr  yoldj  that  is 
always  so  irregularly  dejyosikd  in  metallic  nugget  form,  and 


I 
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nml  be  t*qn?*lly  niixetl,  it  is  mosf  ftlmmlti/  riUiculous  to 
U?uvk  hut  one  yraia  iV>r  avirntje  Oiisat/  wjormatioHy  even  were 
Hi  po^iblc  to  weigh  and  value  the  minute  resultiint  bntton. 

It  is,  however,  very  correct    tor  the   thousandths   fiue  of 

gold,  and  silver  liullion, 

15.  THB  ASSAYINO   OF  SILVER    BY  DIRECT  SMELTl^O  AND   CCPEL- 
UTJON,   WITH   THK   KXPLOKKR'S    **WEE   PET "    MACHINE. 

Ewct  the  machine  for  iroinTal  purpo-^es,  as  described  at 
Wmpter  IV,  on  Dij^crimiuation,  and  m  here  illustrated. 


l*ulrerize  and  faithfully  prepare  the  sample,  as  described 
^^  Chupter  I  of  Hection  III;  be  very  careful  to  obtain  as  per- 
wclan  avcrasfe  us  possilile,  and  if  tho  naniple  is  frnm  a  dis- 
trict tliat  yicld*^  chloride,  or  rnetullic  silver,  the  upper  tiide  oi 
™  slave  miiBt  be  closely  observed  for  flattened  disks,  as 


trans verBely  before  you,*     Take  the  box  ttiat  coutaiD&  tlifl 
weights  from  it^  compartnieiit  in  the  iiux-box,  that  may 
seen  (marked  W,  Cut  22),  and,  keeping  the  eide  that 
marked  on  top,  shde  oft'  the  brass  fasteners  (T,  F,  Cut  22),' 

*  This, and  the  other  eigrli teen  novelties^  of  the  "  Wee  Pet*'  AsiajiDgHachint, 
have  been  secured  by  Letters  Patent,  dated  7th  September,  18t$9. 
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and,  whilst  the  bottom  rests  on  the  table^  open  and  turn  its  lid 
nlso  over  and  down  on  the  t^ble  (as  Figure  2,  Cut  22),  so  that 
it  may  rest  aceurely  in  position, 

■  B*  Kow  take  the  lever  out  of  its  box;  place  the  knife- 
edged  fulcrum  on  its  glass  supports,  so  that  the  short  end 
may  pass  out  with  its  hook  at  the  right-haud  end,  whilst  the 
long  end  protmdes  its  pointer  through  the  left-hand  end  of 
t:lie  box. 


C.  Square  the  bow  of  the  scale  scoop,  and  hook  it  under 
t^lie  short  end  of  lever  (as  in  Cut  21). 

D.  Close  down  the  cover  of  the  tool-chest,  that  lies  under 
-  ^he  scales,  and  wipe  its  upper  side  perfectly  clean  with  a  rag, 

■  E.  Take  the  balancing  and  assay  weight  marked  A,  that 
ftequals  10  grains,  and  lies  on  the  left  end  of  the  box,  into 
^^our  forceps,  and  lay  it  on  the  cleaned  lid  of  the  tool-chest, 
W%iith  one  end  slightly  overhanging  the  lid  towards  your  hand, 
I  ready  for  trausferrence  to  scale-pan. 

I       F,     Now,  witli  the  k/t  hand  resting  on  the  table,  rock^  or 

■  ^round^  for  b. fulcrum^  or  central  rest  (to  prevent  shaking),  take 
'  the  over-lappimj  Aveight  A  from  the  lid  with  the  riglit  hand, 
,  by  fij*st  resting  the  right  hand  on  the  left  hfuid^  and  entering 
Hon^  pomt  of  the  pliers  under  the  said  weight,  and  geutly 
V  moving   your  whole    arm  and    body  downward,  as  if  the 

■  Jfw^ejr*,  hffnd,  wrisl^  and  dhou\Jrom  aid  to  end,  were  a  solid  lever 
I  of  cast  iron;  as  soon  as  the  weight  is  slightly  lifted,  close  the 

thumh  (wfiieh  is  the  only  joint  supposed  to  be  free)  down 

I  upon  the  forceps  (with  the  whole  arm  still  rigid),  and  the 
weight  will  be  lifted  in  the  most  steady  manner  that  is  pos- 
sible. Place  it  with  equal  care  into  the  scale  acoop,  by 
reversing  these  movements. 
G,  Place  the  lever  in  correct  position,  so  that  it  may 
vibrate  in  the  middle  of  each  end  hole,  with  perfect  freedom 
from  top  to  hottom,  and  waft  the  hand  down  over  the  pan,  or 
hlow  down  with  gentle  l»reath,  so  that  the  lever  may  be 
encouraged  to  oscillate  equally,  and  continue  to  settle  in  the 
same  position,  the  terminating  pointer  of  the  long  end  being 
ahout  one-sixteenth  of  an  inch  above  the  bottom  of  the 
opening. 
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H.  When  you  are  satisfied  that  this  action  is  fiiirly  pro- 
duced, move  the  small  cross-lever  until  the  line  on  its  short 
^ud  stands  opposite  the  pointer  of  the  long  lever,  and  cause  the 
latter  to  move  up  and  down,  as  before,  a  few  times,  to  see  if 
^t  settles,  as  it  should  do,  just  opposite  the  mark,  and,  if  it 
does  not,  move  the  short  lever  until  it  does. 

I.  It  being  thus  correctly  balanced,  remove  the  balancing 
^^^ight  A,  after  the  manner  explained  under  letter  F.  You 
^Hould  practice  this  several  times,  until  you  can  prevent 
Jostling,  and  continue  to  balance  the  lever  by  removing  and 
^^placing  the  weight  several  times  in  succession,  yet  still 
^^peating  the  pointer  to  its  true  position  opposite  the  mark. 

J.     The  weight  may  be  taken  out  of  the  pan,  and  the 

^Bmple  for  assay  taken  from  many  places  in  the  prepared  pile 

^f  ore,  that  has  been  pulverized  between  two  hard  stones, 

lifted  through  sieve  (Figure  3,  Cut  23),  and  bruised  to  an 

impalpable  powder,  by  pestle  and  mortar  (Figures  1  and  2, 

Out  23),  as  in  the  last  example  for  common  blow-pipe  assay 

of  one  grain ;  this  ore  is  put  into  the  pan  uutil  the  lever  again 

balances,  when  it  will,  of  course,  equal  the  weight  A,  and  is 

also  10  grains.     This  may  be  now  either  treated  somewhat 

after  the  manner  of  scorification,  as  K 1 ;  or  as  under  heading 

K  2,  by  cartridge,  etc. 

K  1.  Place  the  one  weighing  of  10  grains  of  ore  in  the 
moulded  or  whittled  charcoal  support,  and  three  balancings, 
or  30  grains,  of  litharge  therewith,  which  mix  intimately 
together,  and  then  cover  the  whole  with  six  balancings,  or  60 
grains,  of  test  lead,  and  smelt  with  a  gradually  increased  blast 
for  from  fifteen  to  twenty  minutes  (as  directed  under  headings 
T,  U,  V,  W),  and  then  refine  the  button  as  instructed  under 
heading  Y  (for  cupellation). 

In  this  method,  which  is  much  more  simple,  and  requires 
no  paper  cartridges,  there  are  four  eftects  produced. 

1.  The  mineral  is  cemented,  and  fused  with  litharge,  by  a 
gentU  blast,  which  eftectually  prevents  loss. 

2.  It  is  oxidized,  and  smelted  at  full  heat  into  alloy  with 
the  lead. 

3.  This  alloy  is  partially  oxidized  into  litharge,  which 
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forratj  a  very  fuBible  &Uig  with  the  matrices,  and  reduces  ^' 
weight  of  lead  for  cupelhitiou. 

4.  It  is  cupelled  and  retiiied  ou  bone  ash,  as  under  Y, 

In  fusible  non-refradort/  silver  and  silver-lead  ores,  20  grai  *^' 
may  be  treated  with  ease,  by  this  more  capacious  methc^^^' 
which  has  advantages  over  the  sconfier  of  the  coiicentratis^^^ 
effects  of  the  flame  on  every  part  of  the  assay,  that  is  beim^^ 
constantly  turned  round,  whilst  the  lead  button  is  thi 
encouraged  to  travel  through  the  ma^s,  and  collect  eveJ 
particle  of  silver  or  gold  that  may  be  contained  therein. 
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K  2,  Take  from  the  side  chest,  with  the  left  band,  one 
the  fluxed  and  pasted  paper  cartridges;  after  weighing  10 
grains  of  ore,  as  before,  unhook  the  scoop  with  the  right 
hand,  and,  with  the  cartridge  in  a  horizontal  position,  first 
enter  the  scoop  therein,  and  then,  by  elevating  the  cartridge, 
and  tapping  the  scoop  with  the  finger,  its  contents  will  drop 
or  may  be  brushed  therein. 

L.  Weigh  the  same  weight  (10  grains)  of  borax  glass, 
from  the  right-hand  wing  compartment  of  flux  box,  and  add 
it  thereto,  in  similar  manner.  ^ 

M,  Weigh  six  balancings  (60  grains)  of  test  lead,  and 
two  weighings  (20  grains)  of  litharge,  in  the  same  manner. 

N.     Intimately  mix  these  together,  by  simply  stopping  its  ^ 
mouth  or  opening  under  the  thumb,  and  holding  and  shaking  H 
the  whole  contents  between  the  thumb  and  finger,  as  you 
would  a  small  bottle  of  medicine. 


0*  Fold  the  surplus  paper  snugly  down  over  the  ore,  place 
it  in  the  charcoal  support,  and  it  is  ready  for  being  smelted. 

P,  These  cartridges  are  made  by  being  first  cut  into 
oblong  strips,  four  inches  long  and  one  and  a  half  inch  wide, 
from  tough  and  somewhat  bulbous  brown  paper  {such  as  is 
used  by  miners  for  making  blasting  cartridges,  when  sinking 
wet  shafts,  will  do);  they  are  then  soaked  for  ati  hour  in  water 
that  has  been  saturated  with  tYirhonale  of  soda  (with  as  much 
of  the  carbonate  of  soda  as  the  water  will  take  into  solution), 
and  to  which  as  much  sugar  has  been  added  after  this  saturation 
as  the  water  will  then  liquify.    They  are  next  slowly  dried, 
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^'^d,  when  quite  dry,  folded  on  the  handle-end  of  brass  char- 
coal borer  (Cut  23,  Figure  9);  at  the  same  time  they  are 
Slimed  over  its  end,  firmly  pasted  with  starch  or  flour,  with- 
drawn (as  Figure  10),  again  dried,  and  stored  for  use  when 
■•equiped. 

Q.     Take  one  of  the  moulded  charcoal  supports,  or  an  exactly 

Bimilarone  that  has  been  "whittled"  or  filed  to  suit  the  bell- 

<5"Up,  and  shaped  on  its  upper  side  with  the  appropriate  char- 

<ioal  borer  (Figure  9,  alluded  to  under  paragraph  P),  from  a 

good  and  solid  piece  of  charcoal,  either  of  which  place  in 

the  bell-cup,  and  turn  the  machine  to  the  position  shown  in 

the  cut. 

IL    The  assay  supports  are  moulded  from  a  composition  of 

Knely  pulverized  charcoal 30  tablespoonfuls. 

Carbonate  of  soda 4 

Common  store  borax  (not  borax  glass) 2 

Sugar  or  molasses 2 

Kice  flour,  com  or  wheat  starch 1 

water  sufficient  to  mix  for  moulding,  about  16 

Take  a  baking-dish,  or  prospocting-pan,  and  first  place 
therein  16  spoonfuls  of  water ;  into  this  water  throw  4  of 
^rbonate  of  soda,  2  of  commercial  bomx,  and  2  of  sugar  or 
Daolasses.  all  measured  to  the  brim,  like  the  water,  by  being 
struck  off  level  by  a  knife  ;  warm  over  a  tire,  stir  until  the 
ingredients  are  dissolved;  then  add  the  rice  flour,  and  stir 
^til  it  boils,  and  the  liquid  becomes,  from  the  softening  of 
the  rice  flour,  somewhat  paste-like.  Take  it  off  from  the 
fire,  and,  after  it  is  cold,  add  the  30  tablespoonfuls  of  char- 
coal; then  mix,  and  well  knead  it,  as  you  would  dough  for 
the  crust  of  a  pie.  It  is  sufficiently  wet  when  it  just  holds 
together  in  the  hand,  after  pressure. 

S.  Take  the  bottomless  bell-cup,  that  is  of  similar  size 
and  shape  to  the  assay-supporting  holder,  from  the  long  tool- 
chest  ;  place  it  on  the  thin  brass  bed-plate  (Figure  4),  that 
resembles  the  shape  of  the  top  of  assay  support  or  coal  (like 
Figure  6) ;  then  fill  it  tightly  with  the  composition,  by  press- 
ure of  the  thumb  and  a  small  ramming  stick,  and  insert  on 
the  top  of  the  moulded  coal  the  small  cheese-shaped  brass 
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disk  (Figure  6);  after  hammering  it  down  fair  and  square 
with  the  top  of  external  ruouhl,  rest  joor  riglit  tliumb  verti- 
cally  thereou,  twist  and  raise  the  hell-eup  mould  up  over  tlie< 
thumb,  and  litl  your  riglit  thurnh  away  from,  and  take  o^ 
this  bra«5S  eovering,  Ijy  a  twisting  motion.  Invert  the  coal 
and  bed-plate  (Figure  7)  into  the  left  hand,  and  carefully  sep- 
arate, by  a  twisting,  steady  movement  of  tlie  right  hand,  the 
brass  bed-pkte  therefrom,  and  after  placing  them  on  a  stone, 
to  dry  slowly  before  a  fire,  sift  on  the  assaying  side  (which 
should  now  be  on  top,  as  Figure  8}  a  little  dry  carbonate  of 
soda,  and,  after  they  are  slowly  dried,  they  will  be  ready  for 
use.  If  the  mixture  18  of  suitable  moisture,  there  is  no  diffi- 
culty in  making  them,  and,  as  they  are  fluxed  and  do  not 
crack,  they  are  better  and  ninch  safer  in  use  than  charcoah 


1 


T.     The  ft»lded  fluxed  paper  cartridge  that  contains  the 
ore  being  now  put  in  the  moulded  fluxed  support,  place  the 
handles  of  blast  pipers  into  the  main  blast  holes;  the  wind 
being  thus  securely  stopped,  blow  in  a  full  breath  into  the 
machine,  to  elevate  the  water  in  the  upper  cylindrical  column, 
where  it  should  keep  its  level,  If  all  is  well ;  if  it  do€s  noi^  see     , 
Chapter  IV,  on  that  subject.     With  the  water  thus  kepi  aim 
the  maxmmm  heiqht^  light  the  four  wicks,  and  see  that  they 
are  neither  too  tight  nor  too  loose,  and  that  tliey  are  suitaldy 
trimmed,  opposite  to,  and  in  line  with,  the  blast  pipes.     Tha 
oil  chamber  should  be  also  quite  full  of  o/?.     Allow  the  wick8 
to  burn  well  up  before  commencing  blast,  or  tliej^  mil  be_ 
slow  in  doing  so,  when  nipped  by  the  blast.  fl 

U.  Fix  a  piece  of  good  solid  charcoal  in  the  four  spring- 
fingers  of  sus|jension  lever,  and  lower  this  part  of  the 
machine  down  over  the  assay,  as  shown,  to  within  the  fourth 
of  an  inch  of  tlie  top  of  tlie  assay  paper,  at  such  an  angle  as 
will  not  obstruct  or  divert  the  flames  before  the  nozzle*^ 
blast,  the  objects  being  to  cover,  and  thus  prevent  radiation 
and  increase  combustion,  but  not  to  actually  receive  the  blow- 
pipers  flames,  which  must  concentrate  on  the  assay,  and  bot^ 
torn  or  bed  coal.  If  you  Inive  no  large  piece  of  charcoal,  you 
may  suspend  the  cylindriciil  furnace  (as  seen  in  Cut  21)  to 
this  spring  lever,  and  supply  it  with  small  pieces  on  its  fire- 
bars, as  required  for  this  purpose. 
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V.  Now  see  that  the  blast  pipes  are  all  clean  and  clear; 
and,  if  thej  are  not,  ju4?t  wipe  them  with  a  rag,  or  clear  them 
with  a  needle  that  is  smaller  than  the  Aoto,  and  which  has 
had  it5  temper  destroyed  by  having  been  made  red  hot  in  the 
fire  or  in  a  flame.  These  two  ilmrgs  must  be  scrupulously 
iAserved^  or  you  will  efdarye  or  choke  the  holes,  and  disable 
the  machine.     Replace  them  in  blowing  position. 

■  W,  Sit  down,  if  the  machine  is  on  a  table  j  or,  if  no 
better  place  can  be  founJ,  spread  yom*  blanket  on  the  ground, 
and  lie  thereon,  with  your  head  on  the  saddle  for  a  pillow,  so 
that  Ton  may  take  hold  of  the  cork  on  the  stem  of  tlie  assay 

&  cup  with  tlie  left  hand,  and  be  in  a  position  to  see  the  progress 

■  of  smelting,  and  to  blo%v  an  occasional  lungs-foll  of  wind 
into  the  machine  when  required.  We  will,  however,  now 
suppose  that  it  is  either  on  a  suitable  rock,  on  the  edge 
of  a  prospecting  pit,  or  on  a  table,  and  thus  the  smelting 
proceeds. 

■  Place  the  wick-lover  at  its  inward  limits  of  travel,  so  that 
the  blue  flames  shall  concentrate  on  the  assay.  At  first,  for 
uome  two  or  three  minutes,  blow  very  gently  into  the  machine, 
and  see  that  the  flames  play  correctly  on  the  sample ;  if  not, 
move  tlie  support  by  the  cork  on  the  stem,  either  towards  or 
away  from  you,  by  the  horizontal  spring- levers;  or  up  and 
down,  by  the  diagonal  screw. 

P  The  assay  may  be  kept  almost  level  now,  must  be  occa- 
sionally turned  round,  and  the  flames  need  not  be  continuous 
just  at  this  time,  which  is  the  roasting  and  oxidation  period; 
80  that  you  have  time  to  consider  your  movements,  and  fix 
things  in  order  for  the  smelting  proper,  without  interfering 

»with  the  perfection  of  assay.  Now  move  the  wick-lever  out- 
wards to  its  tenmmis  of  travel^  so  that  the  four  fall  yellow 
flames  shall  concentrate  on  and  cover  the  assay,  whilst  the  sub- 

Ipended  coal  should  also  be  lowered  as  close  down  over  it  as 
the  routes  of  the  flames  will  permit. 
The  currents  of  wind  from  the  nozzles  should  not  travel 
exactly  through  t/tc  centres  of  the  flames,  as  the  flames  are  then 
tiable  to  be  extinyuished  under  strong  blasi;  and  therefore,  if 
euch  should  occur,  you  can  bend  the  intennediate  wicks 
inwards  a  little,  and  the  end  wicks  outw^ards  just  sufllcient  to 
17 
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prevent  it,  without  injury  to  the  flames,  from  the  pipes  to  the 
assay. 

Now  blow  an  occasional  full  breath  into  the  machine,  and 
notice  when  the  flames  begiu  to  weaken,  so  that  you  maj 
renew  it  before  they  atop:  it  will,  perliapB,  be  better  foryoth 
until  you  become  tamiliar,  to  blow  in  a  full  breath,  and  the» 
draw  t\V(i  or  three  comfortable  breathe  between  each  suppl? 
of  air  to  the  machine. 

Take  particular  notice  when  the  greatest  heat  Ib  produce^ 
and  that  it  concentrates  immediately  before  and  on  to  tt^^ 
assay  sample,     Now  the  smelting  proper  beginSj  and  tfc**^ 
flames  must  be  not  only  continuous,  but  well  direetedj  a£»-^ 
of  the  greatest  possible  heat    Turn  the  assay  cup  slow^  J 
about  two  rounds  one  way,  and  then  two  rounds  the  othe 
way,  to  give  all  sides  of  the  assay  a  fair  chance,  and  to  kee^^ 
it  at  a  proper  height  in  the  centre  of  heat.     The  lead  buttoE 
will  by  this  time  have  commenced  to  aggregate  into  one 
which  will  now  travel  around  the  slag,  and  you  must  encoi: 
age  this  traveling  around  and  through  the  scorise  as  much  a*-^ 
possible,  by  fpradually  incUnmg  the  stevi  and  assay,  so  long  a^^ 
you  are  satisfied  that  it  will  not  roll  overlioardj  and  be  thu^^ 
lost.     Wlien  the  smelting  is  well  performed,  in  from  eight  tC^ 
fifteen  minutes  after  these  yellow  flames  have  been  thus  con-^ 
tinuously  bknvUj  the  slag  becomen  supple,  the  button  of  leaA 
13  reddish,  and  travels  freely  through  and  around  the  elag^ 
whilst  the  slag  partially  encloses  the  molten  button,  just  aim 
the  lid  does  the  human  eye.     This  is  a  mark  of  success;  and 
the  assay  button  may  be  laid  aside  until  quite  cold. 

If  the  slag  is  thick  and  immovablcj  or  much  scattered,  ita 
condition  can  be  bettered  by  collecting  or  stirring  it  with  a 
small  twig  of  wood,  lield  in  the  right  hand,  whilst  the  flames 
are  still  playing  thereon. 

The  following  must  be  always  obtained:  Good  oil,  and 
well  trimmed  wieks;  good  supports,  with  the  assay  well  cen- 
tred in  the  heat;  the  blowing  must  be  so  studied  that  the 
greatest  heat  is  produced ;  the  covering  of  charcoal  must  be 
positioned  correctly,  for  this  is  the  most  efficient  cause  for 
effectually  treating  such  a  large  quantity,  ^ 

The  long  furnace,  with  iron  bars  at  the  lower  end  (as  seen  | 
in  the  assay,  Cut  21),  will  be  found  very  serviceable,  when 
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ou  tave  no  large  pieces  of  charcoal  to  suspend  in  the  elastic 
fingers,  fur  it  may  be  simply  attached  to,  and  suspended  by, 
the  rouDtl  handle  of  lever  over  assay;  and  the  furnace  may 
be  supplied  to  about  two  inches  deep  with  several  smnll 
pieces,  of  the  size  of  beans,  that,  thus  supi)orted  on  the 
small  fire-bars,  can  be  lowered  down  just  as  etfectively  over 
the  assay,  both  for  smelting  and  cupellatiou.  It  will  be  gen- 
erally found  niore  convenient,  and  always  more  practical,  as 
well  as  economicah* 

The  lead  button  or  buttons,  with  the  adhering  slag,  may  be 
cleaned  by  being  wrapped  in  a  strong  fold  of  paper,  or  in  a 
rag,  and  made  ri^ady  for  cupellation  by  being  hammered  flat, 
so  that  the  lead  can  be  properly  cleaned  and  solidified  into  a 
cube,  as  previously  described  fur  other  assays. 

X.  Whilst  the  button  is  cooling  down,  the  cupel  may  be 
placed  in  the  hot  cup,  and  the  covering  of  charcoal,  or  the 
Upper  furnace,  lowered  over  it,  so  that  it  may  become  dry, 
hot,  and  ready,  by  the  time  the  button  is  cleaned. 

These  capels  may  be  also  made  in  two  ways ;  the  first  for 
immediate  use,  by  squeezing  moist  bone  ash  into  the  con* 
cavities  at  each  end  of  the  brass  mould  {Figure  21),  and 
further  shaping  and  smoothing  them  with  tbc  suitable  con 
vexed  bed  and  top  plates  (Figures  20  and  22).  The  one  end 
must  be  filled,  compressed,  and  smoothed;  and  then,  by 
inverting  it  on  the  table,  or  rock,  without  taking  off  the 
Bmoothing  and  shaping  plate,  the  second  end  can  be  filled  in 
the  same  manner;  and  then,  alter  the  two  brass  shaping 
plates  are  removed  by  a  suitable  twist,  the  central  double  cup, 
that  contains  the  bone  ash  (Figure  23),  may  be  placed  into 
\  the  assaying  bell  cup,  and  dried  for  use.  The  second  method 
of  making  cupels  is  by  placing  the  cylindrical  mould  (Figure 

♦The  heat  imd  conseqiieot  smelting  power  maybe  much  iacreaacd  by  a  sitDul- 
tftneoua  central  jet  of  cither  hydrogen  or  oxygen  gas,  made  for  the  purpose, 
and  fupjAled  as  highly  inflflramable  tributaries  to  the  regular  currents  of  hum* 
iag  gasei  from  the  olive  oil  lamps  of  machine.  By  having  a  nozzk  for  each  ya#, 
Ihfij  may  also  be  aeparately  made  just  when  required,  and  ignited  without  dan- 
ger of  explosion,  to  produce  their  well  known  combined  effects. 

Or  a  vessel  of  alcohol  may  be  warmed,  beyond  the  assay,  and  its  vapor  may 
be  conveyed  by  a  turned  pipe  and  suitable  nozzle  into  the  centre  of  the  currenti 
.from  blow'pipei*     Air  may  be  also  passed  tbrough  gasoUne. 
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12)  on  the  larger  (Figure  18)  bed  plate  (ae  Figure  14), 
after  tilling  it  with  cooipressed  moistened  bone  ash,  to  inal 
the  short  ram  (Figure  15)  form  the  upper  end  concavity,  hj 
causing  it  to  just  enter  therein  (as  Figure  16);  and  after  placing 
a  piece  of  wood  upon  it  (to  prevent  its  being  injured),  to  force 
it  down  with  a  hammer  or  stone,  so  as  to  make  it  sutficiently 
tight  for  its  purpose;  and  then,  after  taking  off  the  bottom  i 
by  a  twisting  motion,  invert  the  mould,  and,  with  the  flat  end  j 
of  the  ram  (Figure  15)  resting  on  the  table,  twist  tUe  cylin-' 
di*ical  mould  (Figure  12)  gradually  down  to  rest  alsa  oa  the 
tabic,  when  the  naked  cupel  of  bone  ash  (as  seen  in  Figure 
17)  may  be  gently  removed  with  the  fingers  (Figure  18)  to  a 
convenient  place  to  dry,  for  use  whan  required.    Such  had 
better  be  used  when  you  are  fixed  in  comfortable  quartefi;^ 
but  they  are  too  fragile  for  traveling  purposes. 


Y.    The  Cupellation  of  Button  by  Machine  may  be  per- 
formed as  follows.     With  the  wicks  as  they  were  for  smelt- 1 
ing,  and  the  covering  of  charcoal  close  down  over  the  cupel, 
blow  the  flames  thereon  until  it  becomes  red  hot;  then  place  j 
therein  (without  stopping)  the  cleaned  and  hammered  button^  j 
which  will  almost  immediately  settle  into  a  molten  semi- 
globular  shape ;  as  soon  as  it  looks  quite  molten,  clean,  aadl 
bright,  having  no  slag  or  oxide  encrustation,  draw  the  wick-| 
lever  almost  close  into  the  body  of  the  machine,  so  that  the' 
two  nearer  flames  shall  be  small  and  blue^  whilst  the  others  areJ 
a  mixture  of  yellow  and  blue. 

Remember  that  just  sufficient  hciit  must  be  given  to 
button  to  keep  it  molten,  and  to  the  cupel  that  the  litharge^  or 
oxides  of  leady  etc.^  may  enter  therein  without  freezing  on  the  sur- 
face^  or  clogging  its  pores;  and  also  that  oxidation  is  fanliiaied\ 
hy  excess  of  air,  when  accompanied  by  sufficient  heat  or  fluidity, , 
These  eflects  may  be  attained  by  paying  proper  attention 
to  the  position  of  button,  which  can  be  varied  at  pleasure  by 
the  stem  sorew^  the  covering  of  charcoal,  or  by  the  tninnverse  j 
motion  of  spring  levers  from  the  twin  yellow  (beating  orj 
reducing)  to  the  twin  blue  oxidizing  flatnes.     This  latter  may} 
bo  modified,  or  better  performed,  by  appropriate  oscillating] 
twists  of  the   cupel   by  the  cork  stem.     The   cupel  ueedj 
to  be  but  partially  turned  occasionally  daring  eupellatiou^ 
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t^at  ottier  parts  of  bone  ash  may  be  heated,  to  absorb  more 
>f  the  base  oxides.  You  will  here  again  notice  what  manner 
of  blowing  will  reduce  the  size  of  the  button  quickest,  and 
rill  be  advised  to  produce  either  voluminous  fumes  of  white 
f[fTide  before  the  excessive  bhist,  or  the  peculiar  wave4ike  oxida- 
ion  from  the  surface  of  button  into  the  bone  ash,  when  it  is 
beld  half  within  and  half  without  the  flame ;  or  the  both. 

You  will  have  no  difficulty,  however,  in  oxidating  the  base 
letal^  off  slowly,  and  a  little  practice  will  increa^ie  speed.* 

Until  you  become  perfectly  familiar  with  the  appearance 
of  silver  and  gold  buttons,  you  had  better  firat  cupel  it  down 
_to  the  size  of  a  duck  shot,  on  the  one  ^ide  of  cujiel;  and 
Haftver  taking  it  off,  and  thoroughly  cleaning  it  with  pliers  and 
Hlrudhy  to  fiaish  its  cupellation  on  the  clean  side  of  the  red  hot 
H  cupel.  In  this  way^  the  clean  ash  wnll  in  a  nianoer  provide, 
Bor  dispense  with,  the  necessary  intelligence  for  puritication. 

The  pure  button  of  silver  should  be  frosted  silver-white, 
Hand  expose  one  or  more  wai-ty  protuberances. 
H  When  the  cupel  is  quite  cold,  lay  it  on  its  edge,  in  a  per- 
Kfectly  clean  plate  or  saucer ;  release  the  button  from  the  bone 
^■B^  by  a  careful  twist  wHth  a  pen-knife's  point,  and  clean  it 
^^yi  tqneeze  of  a  clean  pliers  and  brush,  or  by  rubbing  it  on 
tlie  jdate  with  a  piece  of  hard  and  smooth  white  paper,  until 
fit  is  fiufficiently  clean  for  valuatioiL 

Z   1.      To    AsCEttTAIN    THE  VaLDE    OP   THE    BUTTON    BY   THB 
ICxLCrLATlNQ  LeVER,  AND  BY  THE  DlVKROINO  StRIP  TabLETS, — 

balance,  w^ith  weight  A  in  the  pan,  the  main  lever's  pointer  to 
ettle  one -sixteenth  of  an  inch  above  the  bottom  of  the  open- 
rjg»  and  move  the  appropriate  transverse  lever's  line  to  agree 
berewith;  this  do  with  the  most  conscientious  care,  as 
irected  under  the  letters  A,  B,  C,  D,  E,  F,  and  then  remove 

*  weight  A  from  the  pan  so  gently  that  no  injurious  motion 
ill  bo  communicated  t^  the  scoop  and  lever.     Next  place 

the  scoop  one  of  the  nearest  plainly  numbered  weights — 
ay  No.   1 — imd  drop  the  button,  by  laying  the  forceps 

*  A  200  gmin  button  of  t<»Ad  may  be  cupeUod^  after  jou  are  fuUjr  acquaiotod 

I  Ibe  motif*;  so  that  you^ay  smelt  twice,  thrice^  or  four  timcs^  and  cupel 

he  Mv«(nkt  buttons  U^cether:  a  crucible  or  gcoriGi;r  baUoa,  or  lead  bullion  ^ 

la  iitlar  and  fine  gold^  may  also  be  alloyed  wtlb  lead,  and 
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gently  down  ob  tlie  edge  of  box,  into  the  groove  of  tlj^ 
long  end  of  the  lever,  jiist  over  the  fignre,  in  the  cohnnns  i 
figures,  that  will  pay  tor  being  worked  by  millihg,  smelting^  i 
etc,  and  again  see  if  the  pointer  is  above  or  below  the  lin^l 
on  the  transverse  lever's  line;  if  it  stands  above,  tho  assay] 
iff  too  low  for  ita  being  worked  profitably,  and  what  yottj 
require  is  already  known.  If  you  desire  its  ^exact  vsluoJ 
move  the  button  outwards,  by  a  srrmll  pkce  of  thready  about  a  1 
half -inch  long,  tliat  has  been  inscriexl  (ramiHT$di/  in  thr  cior^mi 
end  of  a  small  sprif/  of  awody  until  the  pointer  stands  exactly  I 
opposite,  or  the  next  less  weight  is  required  to  balance  for] 
value*  K,  on  the  other  hand,  the  silver  button  affords  njonsl 
than  the  expensea  required  for  working  the  ores,  it  may  be  I 
carefully  moved  inwards  by  the  thread,  until  you  ffre  iufurmedl 
what  its  value  is  on  tho  No.  1  cohinin,  or  any  other  uumbor(Kl| 
weight  and  column  (as  seen  on  Figure  1,  Cut  24), 

If  it  passes  stiU  furthm*  in  than  the  highest  figure  in  thia 
column,  you  may  judge  what  larger  ty Limbered  v  "rill] 

be  required  to  perfect  the  lever's  balance,  and  ven  v.,. .  i.illyj 
substitute  such  weight  for  the  No*  1  in  the  paUj^  and  agaittl 
move  the  globule  to  balance*     It  may  be  so  large,  and  yotti 
80  fortunate,  that  even  the  Inrgest  plairdy  numbered  " 
will  be  insufBeieut  to  balance  it,  when  one  of  the  ^ 
marked  X4,  etc.,  would  be   required;  if  §o,  balanct  Ibc 
pointer  with  the  suitably  nunjl>ered  weight,  and  read  tm  tai 
afe»  much  as  the  figures  underneath  the  button  in  the  sat 
numbered  column  (4  in  this  case),  by  adding  a  figure  0  to  tba 
right  of  the  column  (thus,  2000  would  become  20000,  etc*)* 

Z  2,  To  Ascertain  the  Monb^  Value  of  IT -     ^*iitH 

TONS,  FROM  100  AND  10  GrAIN  AsSAVS,  FOR  GuL  ,,  B1 

THE  Suitably  Graduated  Divergij«g  Stkips  of  tun  Patbsjtkd 
''Explorers*  Tablet  Gauge  Bctton  Valuer." — TT 
celebrated  Swedish  chemist  and  blow-pipist,  wa-* 
measure  the  very  small  buttons  that  wore  produi^ed  from  blowj 
pipe  exatriiMations  for  gold  niid  silver.    He  ilrm  t'  i| 

divnyifig  limjt  on  ivori^  or  paper  ;  tlie  one  divideil  intu  .. 
parts,  and  the  other  into  hths*  weighty  (jis  calculated  by  ciil 
the  transverse  line  that  lay  under  the  diameter  line  of  but 
when   placed  with  a  forceps,   ni  -   "    -      .,:*-:.:^  gj^ 
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exactly  till  the  intervening  distaoce.  lie  headed  the  lef*^' 
hand  column  50,  and  the  right-hand  column  143.62  loths  fi^^ 
weighty  recording  the  lothe  down,  at  every  fifth  part,  to  0.14. 

Plattner,  in  a  subaeqitent  work  on  the  hlow^-pipe,  give- 
these  scalesj  and  suggests  another,  as  naore  suitable  to  thi 
blow-pipe,  headed  50  on  the  left,  and  122.5  on  the  right;  alsc 
marked  with  loihs  at  every  division  (instead  of  at  erevj  fifthi 
di\^9ion  of  Ilarkort*e),  down  to  0.0009.  Both  of  these 
required  great  skiD  and  care  in  phcmg  (he  bit  (ion  correctly^ 
and,  although  they  were  iheoredcaUy  excellent  meaFnrers  for 
weight,  few  men  have  pretended  to  realize  much  advantage 
therefrom  in  practice;  whilst  neither  recorded  the  direct  mmj^^^^ 

lue  at  sight  of  gold  or  silver^  for  blow-pipe  or  any  other"" 
"assay  ton/'  w^ithout  further  calculation.  fl 

In  the  patented  '* Explorer's  Ihblei  Gauge  Valuer"  two—  " 
diverging  and  straight  strips  of  metal,  being  permanently  secured 
on  a  bed,  form  both  guiding  aide  fences^  as  well  aa  a  ecrreci  fl 
gauge  of  the  diameters  of  buttons;  so  that  when  a  small  globe 
of  gold  or  silver,  the  product  of  the  machine's  assay,  is 
dropped  into  the  npper  end  of  the  gange,  it  naiutalty  roUs 
down  to  jam  against  these  sides^  the  one  of  which  is  marked  in 
dollars  per  ton  for  gold,  and  the  other  is  marked  in  dollars 
per  ton  for  silver,  and  read  at  sight,  without  any  eatcnlaiion^ 
which  can  he  rendered  into  pounds  and  florins  by  simply 
dividing  these  dollars  by  5,  It  may  be  also  used  tor  one 
grain  silver  assays,  by  multiplying  the  figure  opposite  the 
button  by  10,  It  will  be  thus  seen  that  this  is  a  practical 
instrument,  which  can  be  used  for  approximate  purposes  by 
any  one  who  can  simply  read  plain  cash  figures,  and  that  it 
is  not  a  merely  theoretical  toy,  for  exercising  the  judgment  for 
its  true  position  oi^er  lines  (as  seen  under  inaccurate  divergent 
lines  of  vision),  and  governed  by  the  subservient  capabilities 
of  the  hands  andfingerSy  to  hold  it  correctly. 

See  illustration  for  manner  of  graduation  (Cut  25,  Fig.  2). 

For  alloys  of  gold  and  silver,  see  "Parting**  of  such,  at 
the  end  of  this  chapter. 

If  the  button  from  a  (en  grain  assay  with  machine  is  found 
to  be  gold,  multiply  the  dollars  under  the  balancing  kter's 
table  by  l(i  for  dollars  of  gold  per  ton,  as  this  table  agrees 
with  a  sample  of  16  times  as  much,  or  160  grains;  also» 
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fif  160  grain  gold  sample  should  produce  silver,  divide  it  by 
16.     So,  alfio,  when  a  button  from  a  10  grain  assay  for  silver 

j}roduc€^  gold,  the  figure  tliut  is  opposite  the  button,  in  the 
gold  tablet,  must  be  multiplied  by  16;  and  divided  by.  16,  if 
silver  should  be  produced,  instead  of  gold,  from  160  grains. 


I 
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16.  THE  ASSAYING  OF  GOLD  BY  MACHINE,  IN  ITS  OWN  INDB- 
PENDENT  WAY,  AFTER  WATER  CONCENTRATION,  BY  FLUXED 
FDSION;  READING  THE  DOLLARS  PER  TON  AT  SIGHT,  ON  THE 
SILVER    TABLE,   UNDER    CALCULATING   LEVER,   OR  BY  TABLET. 

Here  the  eonforraable  quantity  is  taken  for  the  machine 
"  assay  ton  "  for  gold,  so  that  the  ealcalating  lever*  s  table  for  silver  ^ 
as  well  as  the  tablet  gauge,  may  value  for  both  metals* 

Fold  a  small  business  card  along  the  middle,  like  note- 
paper  for  a  paper  scoop,  which  pass  through  the  brass  scoop- 
pan  of  main  lever  of  calculating  balance,  and  cut  from  the 
upper  edge  of  this  paper  card  until  it  balances  the  pointer  at 
the  other  end  with  the  line  on  the  cross  lever,  as  the  10  grain 
weight  marked  A  did  when  balanced,  previous  to  weighing 
the  sample  for  the  silver  assay,  with  this  difference,  that  the 
paper  must  remain  in  the  pan.  Take  the  round  brtiss  bar 
weight  that  lies  in  the  middle  of  the  weight  box,  and  gently 
place  it  down  in  the  groove  on  tlie  hmg  end  of  the  main 
lever,  so  that  its  outer  end  may  be  exactly  over,  or  straight 
with,  the  transverse  line^  over  which  the  $80  and  $200  figures 
stand,  and  shovel  your  well  mixed  and  prepared  sample  into 
the  paper  scoop,  until  the  pointer  again  stands  opposite  the 
line  on  the  cross  lever*8  point,  and  the  card  paper  will  hold 
about  160  grains,  the  requisite  quantity  for  calculator,  and 
sufficient  for  a  gold  assay. 

Carefully  concentrate  this  160  grains,  as  directed  in  Chapter 
HI;  and  after  drying  the  heavy  residue,  and  extracting  the 
metallic  iron  from  poHtlo  and  moitar,  if  such  were  used  (by  a 
magnet  or  magneti55ed  pen -knife,  if  you  have  them),  smelt, 
cupel,  balance,  and  read  for  value,  precisely  as  directed  for 
the  silver  assay  by  machine.  Judge  of  its  fineness  and  value 
by  color,  or  part  by  acids,  as  directed  towards  the  end  of  this 
chapter;  then  re-smelt  with  a  very  small  amount  of  lead,  and 
cupel  into  a  button,  for  final  weighiug.  In  this  operation,  it 
will  be  sometimes  very  efficacious  to  place  a  small  piece  of 
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rcoal  almost  close  over  the  button,  as  it  lies  in  tlie  ciipeL  tc^ 
f^ease  the  heat  and  brighten  up  the  alloy  for  cupellatiou. 
assaying  fi^ee  gold,  that  lies  in  irleaii  tjuaitz,  where  ver 
tie  or  no  snlphurets  are  present,  10  times  IGO  grains  may 
taken  (1600  grains),  and,  in  reading  the  calcuhitur,  divideas^a 
10  for  vahie,  by  taking  off  one  figure  tVoni  the  right-haudJ^^ 
Jde  of  tliose  under  the  button,  which  ai'e  headed  by 
lame  column  or  number  as  that  on  the  weight 


th»=^ 
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A8S!A^l^Na  of  gold  sulphurets  by  roabtiko,  acids,  water,. 

AXD   MACIirNE, 


Roast  100  grains  in  an  old  eiip,  crucible,  or  irou  hidle,  io-^c^ 
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can  be  recognized,  when  it  is  removed  from  the  fire,  and  pul- 
verized in  the  same  vessel,  by  rubbing.  Carefully  transfer 
the  whole  contents  to  a  clean  cup,  saucer,  basin,  or  dish ;  add 
thereto  double  its  volume  of  pure  hydro-chloric  acid  (muri- 
atic), which  does  not  dissolve  gold,  and  boil  in  the  chimney, 
or  open  air,  for  an  hour. 

Add  water,  pulverize,  and  pass  off  all  the  light  floculent 
matter,  sulphur,  and  the  iron  that  is  in  the  solution;  smelt, 
and  cupel  the  residue  of  gold,  and  read  its  value  under 
lever,  as  if  it  were  a  10  grain  sample  of  silver  ore.  In  this 
case,  the  roasting  mdy  be  eftectually  performed  by  machine, 
either  in  the  transversely  inserted  muffle-like  crucible  of  clay 
or  platinum  (as  shown  by  Cut  25),  or  the  crucible  may  be 
placed  in  the  burning  charcoal  of  the  cupola  furnace,  from 
above,  and  heated  as  required  by  the  oil  flames. 

18.   ASSAYING   100   GRAINS    OF   SILVER   ORE    BY   ROASTING,   ACID, 
AND   MACHINE. 

It  may  be  sometimes  desirable  to  assay  a  larger  quantity 
than  10  grains  of  ore,  which  you  can  do  as  follows,  in  a  very 
correct  manner,  even  when  chloride  of  silver  is  present, 
which,  in  its  unroasted  state,  is  insoluble  in  acids. 

Weigh  100  grains  of  the  properly  prepared  sample,  w^hich 
roast  (for  thirty  minutes,  at  red  heat,  to  decompose  chloride 
that  is  insoluble  in  acids),  with  half  its  weight  of  pulverized 
charcoal  (flour  will  do),  in  a  cup  or  crucible,  stirring  it  the 
whole  time,  with  a  long  but  small  iron  wire.  If  a  crucible 
has  been  used  for  roasting,  after  it  becomes  cold,  first  pul- 
verize by  rubbing,  transfer  it  to  a  porcelain  cup,  then  add  to 
the  ore  of  either  of  these  cups  twice  its  volume  of  nitric  acid, 
to  which  a  thimbleful  of  rain  or  snow  water  has  been  added. 

Boil  the  contents  for  one  hour,  and  allow  it  a  half-hour  to 
get  cold.  Filter  this  liquor  through  blotting  or  filtering 
paper,  into  a  clean  bottle,  and  pour  in  about  two  tablespoon- 
fills  of  rain  or  snoio  water  (because  it  contains  no  salt)  above 
the  residue,  to  wash  through  the  remaining  liquid,  that,  by 
atill  adhering  to  the  sample,  would  retain  silver. 

K  you  have  not  a  glass  funnel,  you  can  substitute  it  by 
inverting  a  small  whisky  bottle  (first  filled  with  sand),  between 
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your  knees,  and  euddeiily  striking  a  large  nail  througl 
externally  concaved  bottom,  to  form  a  Kuitably  small  liole.      ^ 

To  fotirtablespoonfuls  of  water,  placed  in  another  bottle  or^B 
cupj  add  two  teaspoonfiils  of  common  salt,  and,  after  it  i^^^ 
dissolved,  pour  it  into  the  assay  solution  very  slowly,  or  drop- 
by  drop,  taking  notice  if  it  renders  it  milky,  or  eitrdles  white, 
by  forming  chloride  of  silver  from  the  union  of  the  chlorine 
of  the  soluble  salt  with  the  silver  of  the  solution^  if  any  »\lveT 
is  present  tlierein.  If  there  is  no  silver  in  solution,  it  will 
not  become  in  the  slightest  degree  milky,  and  the  smelting 
and  cupellation  to  button  need  not  be  performed;  but,  if  it 
changes  ever  so  little,  you  may  proceed  by  adding  the  salt 
water  until  the  liquor  is  not  afFeeted  thereby,  (If  you  give 
it  all,  provided  it  is  in  soluUony  although  it  is  unnecessary,  it 
will  do  no  harm.) 

K^ow  by  again  filtering  this  liquor  slowly  through  a  small 
piece  of  blotting  paper,  the  curds  of  chloride  of  silver  will 
not  pass  through,  but  remain  on  the  upper  side  of  the  filter. 

If  you  wish  a  machine  button,  drj^  the  lilter  at  the  boiling 
heat  of  water,  fold  up  the  paper  to  enclose  the  chloride,  place 
this  ball  of  paper  in  the  charcoal  support  of  the  assaying 
machine,  and  on  it  10  grains  (one  balancing)  of  liorax  glass, 
and  40  grains  (four  balancini^s)  of  test  lead,  and  then  gently 
increase  the  blast  to  smelt  and  cupel,  as  previously  described 
for  machine. 

Of  course,  this  button  will  balance  over  a  figure  that  is  ten 
times  too  high  for  the  calculating  lever's  table,  by  the  ordi- 
nary weights  for  the  10  grain  assay,  so  that  you  must  either 
strike  off  a  figure  from  the  right-hand  side,  or  use  the  weights 
X  2,  X  3,  X  4,  and  then  read  the  figures  as  they  are  on  the 
calculator's  columns. 
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19.   ASSAYING  OF  SILVER  WrTHOl'T  ROASTING,  BY  AMMONIA,  NITRIC 
ACID,  AND  salt:  THEN  SMELTED  AND  CUPELLED  BY  MACniNE. 

Where  you  have  ammonia,  nitric  acid,  and  common  salt, 
but  no  facility  for  roasting,  take  100  grains  of  silver  ore,  that 
you  suspect  may  contain  some  silver  in  chloride  form,  which 
is  insoluble  in  acids,  but  completely  soluble  in  ammonia. 
First  dissolve  what  you  can,  by  boiling  in  a  bowl  for  an  hour, 
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m  about  thrice  its  volume  of  watered  nitric  acid;  allow  it  to 
get  quite  cold  j  tbeu,  after  adding  about  a  wiiieglassful  of  dis- 
tilled, or  raiiij  of  snow  water,  filter  the  liquid  through  into 
ftnotber  bowl,  Next  pass  a  second  wineglass  of  water  through 
the  solid  residue  on  the  filter,  to  dilute  and  wanh  the  last 
traces  of  nitrate  of  silver,  etc,  etc,  into  that  already  passed 
through.  Precipitate  this  solution  with  aalt,  as  in  the  last 
example.  H  mercury  should  be  present,  it  would  be  also 
precipitated/  Next  lift  this  funnel  off,  that  eoutains  the 
remaiDing  undissolved  ore,  and  spread  the  filter  in  the  bottom 
of  another  clean  cup,  which  just  cover  with  ammonia,  and 
warm  it  for  a  quarter  of  an  hour  over  a  coftee-pot,  half-tilled 
with  boiling  water.  Again  filter  this  solution  into  another 
clean  cup,  well  washing  or  squeezing  the  last  relics  of 
moisture  from  these  first  and  last  spongy  filters  and  gaogue, 
BO  as  to  obtain  the  whole  of  the  silver. 

Now  precipitate  the  silver  from  this  solution,  by  the  8low 
addition  of  nitric  acid  (but  not  from  the  nitrate  sohition)  into 
be  chiorkle  state;  and,  after  carefully  pouring  otf  this  liquid 

erefrom,  to  add  a  wineglassful  of  pure  water;  filter  Ijoth 

e  golutions  on  separate  filters,  and  finish  into  button  by 

achine,  as  before. 

As  ammonia  precipitates  many  other  minerals  from  nitric 

sid  solutions,  they  should  be  treated  separately  to  the  md^  as 

escribed.  * 

10.    HUMID   ASSAY   OF   AtL   KINUS  OP   SILVER   ORES. 

Weigh  100  grains,  and  otherwise  manipulate  according  to 
dther  of  the  two  preceding  examples  (the  former  will  be 

and  more  reliahle  and  convenient  in  the  hands  of  ama- 
teurs), until  you  have  precipitated  all  the  silver  by  the  salt  or 
icid ;  then,  having  a  superior  balance  and  set  of  weights,  you 
ioay  remove  the  filter  to  a  clean  porcelain  bowl,  and  dry  it 
thoroughly  by  placing  it,  m  a  Hd,  over  a  sauce-pan,  kettle,  or 
coffee-pot*  half-filled  with  boiling  water,  for  at  least  one  hour, 
or  until  it  ceases  to  lose  weight;  then  hold  it  in  forceps,  and 
kam  the  paper  thoroughly  l»y  the  application  of  a  match, 
over  a  clean  saucer,  allowing  the  chloride  residue  to  fall 
therein^     Sweep  this  into  the  scale-pan,  or  balanced  weighing- 
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cup^  and  record  it8  weiglit.     The  weight  of  tlie  well  biimeJ 
exti*emely  light  reBidae  of  paper  may  be  known  by  burning 
another  similarly  sized  piece,  when,  by  weiring  ita  residQeg 
the  proper  allowance  may  be  made*     But,  if  it  is  well  per- 
formed, this  will  not  be  necessary  for  practical  purposies. 

Another,  and  perhaps  more  satisfactory  niode,  will  be  to 
dry  perfectly,  at  boiling  heat,  two  exactly  similar  filtei-s,  and 
carefully  balance  them  in  the  scale-pans,  by  cutting  cliips 
fk'ora  one  or  the  other  with  scissoi's* 

Filter  the  solution  through  the  one,  and  dry  both  as 
befL>re;  then  the  difterence  of  their  weight  will  be  equal  to 
the  quantity  of  chloride  of  silver  thut  is  present.  Or  you 
can  tirat  dry  Ike  one  filter^  and  either  exactly  balance  it,  if  you 
are  going  to  finish  the  assay  right  tlirough,  or  take  its  correct 
weight,  and,  at\er  the  filtered  precipitate  has  been  thoroughly 
dried,  to  weigh  it,  and  deduct  the  weight  of  filter  for  the 
actual  weight  of  the  chloride  of  silver. 

It  may  be  here  particularly  noted  that  the  ore  should  be 
free  from  salt,  and  that,  as  mercury  is  also  precipitated  by 
salt  to  an  insoluble  chloride,  its  absence  from  the  ore  should 
be  established  before  the  last  ammonia  method  should  be 
relied  on.  If  it  should  be  present,  it  may  be  discriminated 
and  allowed  for  as  follows,  atler  your  filter  haa  been  weighed 
for  chhiride  of  silver,  as  above. 

Place  the  dried,  but  unburned,  filter  in  a  clean  basin,  and 
pour  more  than  suificient  ammonia  thereon  to  dissolve  the 
chloride  of  silver,  and  gently  warm  it  overboiling  waten  If  \ 
mercury  chloride  was  also  on  the  filter,  it  will  not  bo  dis- 
solved, but  blackened  in  color.  Pour  off  the  liquor,  anil, 
after  it  has  been  well  washed  and  dried,  it  etm  be  again 
weighetl  as  before,  w^hen  it  will  first  t^how  the  quantity  rf 
mercury,  and  this  being  dedrjct4:?d  from  the  supposed  weight 
of  chloride  of  silver  previously  obtsnned,  will  give  tlie  real 
weight  c»f  chloride  of  silver.  80  that  it  is  self-evident  to  you 
that  where  tliere  is  the  least  chance  of  mercury  or  salt  being 
present  in  any  form — nearly  always  so  in  t^uling*,  but  neldom 
in  ore — the  preliminary  roasting  and  final  /  and 

cupelling  operations  are  to  be  preferred ;  for  tii  ••  IflK 

tilixes  the  otherwise  dangerous  mercury,  %vii  i-er 

parses  off  ail  spurious  mattefj  and  &howa  you  a  tangible  ail- 
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"▼er  batton,  than  which,  following  the  chloride  as  it  does, 
jDK>thiDg  can  be  more  satisfactory. 

The  chloride  thus  obtained  contains  75.3  per  cent,  of  silver; 
60  that,  by  referring  back  for  your  correspouding  assay  unit 
to  the  quantity  taken  for  assay,  you  can  readily  calculate  as 
before,  after  knowing  the  actual  weight,  in  such  units,  of 
silver  obtained.  Thus,  if  100  of  chloride  gives  75.3  of  silver, 
how  much  will  your  weight  (say  1.2)  of  chloride  yield 
of  silver? 

Or  75.8  multiplied  by  1.2=90.36,  which,  divided  by  100, 
will  give  .9036  of  assay  unit. 

Or  74.8x1.2  =  90.36,  and,  by  moving  two  points  to  the 
left,  is  divided  by  100;  thus,  90.36  becomes  .9036. 

Or  move  the  multiplier  two  to  the  left ;  thus,  instead  of 
75.8,  say  .753x1.2  =  . 9036,  as  before. 

Or  weight  1.2x3,  and  divided  by  4=:  .9,  will  be  sufficiently 
near  for  most  purposes,  as  it  varies  in  this  case  but  thirty-six 
ten-thousandths  of  $37.71,  or  but  thirteen  cents  per  2000 
pounds  ton. 

21.   ASSAYING  OP  SILVER   BY  SOLUTION   OP  COMMON  SALT,  CALLED 
"VOLUMETRIC." 

This  method  was  first  devised  by  Guy  Lussoc,  and,  although 
it  is  very  suitable  for  the  purposes  of  experts,  with  laboratory 
£EUiilities,  who  have  many  assays  to  work  through  every  day, 
most  of  which  may  be  bullion,  it  is  certainly  not  so  subservi- 
ent for  the  occasional  and  more  diversified  practical  purposes 
of  the  miner,  millman,  or  smelter;  and  therefore  it  has  been 
seldom  used  for  superior  facilities  over  other  methods. 

In  common  with  all  the  peculiarly  acid  methods,  where 
aalt  is  the  precipitant,  the  lode  or  its  mineral  should  contain 
neither  ^o//  nor  mercury  ;  for  the  former  would  precipitate  the 
nitrate  of  silver  to  an  insoluble  chloride  as  soon  as  formed, 
80  that  the  filtered  solution  would  be  robbed  of  this  much  by 
its  lying  on  the  upper  side  of  filter ;  whilst  the  latter,  as  soon 
as  the  test  salt  was  applied,  by  rendering  the  filtered  solution 
milky,  from  the  nitrate  of  mercury  being  thus  changed  to 
chloride,  would  deceive  the  best  judge,  by  creating  a  similar 
appearance,  as  well  as  using  a  larger  volume  of  the  test  solu- 
tioQ  than  belonged  to  silver. 
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It  may,  however,  be  correctly  acconipHghed  on  all  ores; 
atler  efficient  roasting,  by  dissohang  and  filtering  to  a  clear 
Bolutioii,  aB  directed  nnder  No.  18;  bnt,  instead  of  precipi- 
tating  and  weighing  as  described  under  No.  20,  for  the  sim- 
ple humid  assay  of  silver,  it  is  placed  in  a  clear  glass  vessel, 
as  a  Florence  flask,  and  the  quantity  of  silver  is  ascertained 
by  visual  notice  of  the  milkiness  produced  by  certain  vol- 
umes of  a  previously  regulated  salt  solution.  This  solution, 
thus  dissolved  in  nitric  acid,  is  then  changed,  by  the  addition 
of  a  highly  diluted,  clear  and  correct  standard  solution  of 
conmioD  salt,  to  a  chloride,  which  renders  the  silver  liquid, 
more  or  less  milky,  and  slowly  precipitates  it  to  the  bottom 
of  the  vessel,  when  more  salt  solution  may  be  then  added 
to  test  the  upper  and  clear  solution,  until  the  exact  time  has 
arrived  when  no  milkiness  is  produced  thereby.  The  meas- 
ured vohime  of  solution  used  corresponds  with,  and  intbrms 
you  of,  the  quantity^  of  silver  present  in  the  sample  by  any 
*^a^say  ion**  quantUy  you  may  desire,  as  described  for  other 
methods. 

For  metallurgical  works  and  mints,  where  large  qnantitiea 
of  silver  have  to  be  otherwise  treated  in  the  w^et  way ;  it  is 
frequently  advisable  to  assay  by  this  means,  where  it  will  be 
better  to  prepare  the  solution  of  salt  in  such  a  manner  and 
of  such  strength  that  every  100  grains  or  volumes  of  the 
solution  shall  precipitate  one  grain  of  pure  silver;  and,  to 
prepare  such  a  solution,  it  will  be  necessary  to  add  to  every 
99,4573  parts,  by  weight,  of  pure  water,  0*5427  parte  of  pure 
salt,  and  to  cheek  and  perfect  to  accuracy  by  subsequent  trial 
on  pure  silver,  with  the  graduated  tube  for  this  method  of 
assay*  This  parallel  and  cylindrical  glass  tube,  of  about 
fourteen  inches  long  and  one-fourth  of  an  inch  internal  diam- 
eter, is  graduated,  for  about  nine  inches  in  lengtli,  into  one 
hundred  parts,  for  reading  equal  volumes,  the  termini  of 
raduatious  stopping  somewhat  short  of  each  end.  To  facil- 
itate its  being  tilled  and  emptied  as  required,  tiie  bottom  is 
somewhat  contracted  to  a  dropping  point,  so  that,  by  apply- 
ing the  thumb  to  the  top  end,  the  liquid  may  he  closely  reg- 
'nlated,  retarded,  or  stopped,  by  necessary  admission  or  stop- , 
page  of  the  air,  as  and  when  required  during  the  test  for] 
quantity  of  silver  in  solution.     Each  mark  will,  of  courseij 
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then  represent  one-hundreth  of  a  grain  of  silver  precipi- 
tated, Stronger  or  weaker  solutions  may  be  made,  to  suit 
any  desired  *'  assay  tou,"  or  for  hastening  the  work  during  the 
first  part,  in  assaying  rich  bullion. 

These  solutiuns  will  r<jquire  frequent  corrections  for 
strength,  as  well  as  for  the  temperature,  and  consequent 
change  of  bulk;  and  as  I  do  not  deem  it  sufficiently  impor- 
tant for  the  readers'  purpose  to  use  some  sixty  pages  for  its 
full  explanation,  tables,  etc.,  I  must  refer  the  very  few  who 
will  require  more  information  on  the  subject  to  John 
Mitchell's  work  on  Assaying,  where  he  has  translated  the 
whole  moitus  operandi,  etc.,  etc,  from  the  French  description 
by  Gay  Lussac,  the  inventor  of  the  process. 

For  my  occasional  mineral  purposes,  both  for  tuition  and 
use,  I  have  found  it  more  convenient  to  approach  accuracy 
in  the  solution,  and  to  calculate  for  value  as  follows.  Weigh 
out  the  last  named  ratios  of  ordinary  filtered  water  and  com- 
mon commercial  salt,  and  add  a  slight  excess  of  salt  (or,  in 
fact,  any  other  ratio  within  praeticaUimits);  then  dissolve 
one  grain  of  pure  silver  in  nitric  acid,  and  very  carefully 
ascertain  how  many  units  of  the  one  hundred  parts  of  the 
graduated  tube,  it  requires  of  the  solution,  to  precipitate  the 
one  grain  of  silver;  which,  for  illustration,  we  will  suppose 
to  be  98. 

This  may  be  then  used  as  a  base  for  calculation;  thus,  if 
98  volumes  precipitate  one  grain  of  silver,  how  much  will 
the  namber  of  ouits  required  for  your  assay  solution  precipi- 
tate ?^ — and  you  obtain  the  answer,  ingrains;  which  will  lead 
to  any  other  answer  required,  by  further  calculation  in  the 
ordinary  way  for  ounces  or  dollars  per  ton. 

Here  yon  may  also  simplify  the  mode,  and  come  to  direct 
answer,  by  taking  any  other  silver  button  from  assay  of 
known  (on  value ;  dissolve  it  in  nitric  acid,  and  precipitate  as 
you  did  the  one  grain  above.  Thus,  supposing  the  dissolved 
button  obtained  fmm  any  assay  ton  represented  $15  per  ton, 
which  required  say  65  volumes  of  solution  of  salt  for  precip- 
itation, it  would  again  be:  as  65  volumes  are  to  f75,  so  are 
the  volumes  or  units  required  for  present  assay,  to  its  dollars 
per  ton. 

Or,  as  in  the  self-calculating  systems,  you  may,  by  much 
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patience  and  perseverance,  so  strengthen  or  dilate  your  sa' 
solution,  that  each  uniU  being  equivalent  to  ^^^ assay  pounds 
may  represent  $1  in  value  for  a  suitable  '^assai/  toii^*'  as  full 
explained  in  the  self-calculating  arrangements  in  the  fourt! 
part  of  this  chapter. 


22.   A8SATIK0    OF   GOLD    BY   **AQITA   REGIA/ 
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Gold  can  be  assayed  in  the  wet  way,  by  dissolving  say  oner 
part  of  the  pulverized  sample,  placed  in  a  ghiss  flask,  bowl, 
or  cup,  in  two  parts  of  what  has  been  called  *'  aqua  regia, 
which  is  a  varying  mixture  of  fi^om  two  to  four  parts  o; 
hydro-cliloric  (muriatic)  acid  with  one  part  of  nitric  acid; 
the  former  being  varied,  for  the  better  solubility  of  the  asso- 
ciated base  minerals;  it  may  remain  for  about  two  liours  in 
cold  solution,  but  one  hour  will  suffice  if  it  is  kept  gently 
boiling.  It  must  be  now  diluted  with  its  bulk  of  water,  then 
filtered  through  tlie  regular  Altering  paper  (or  common  blot- 
ting paper,  first  soaked  in  clean  water,  will  answer  in  itsfl 
absence)  and  evaporated  over  a  lamp,  as  described  under  the 
twenty -fourth  heading,  on  *^  Parting,'*  etc.,  to  perfect  dryness. 
Water  must  now  be  added  to  this  dried  residue,  for  the  pur- 
pose of  re-dissolving  the  chloride  of  gold  that  has  been  thua 
formed  (by  the  chlorine  from  the  hydro-chloric  acid),  and 
w4iich  is  completely  soluble  in  %vater.  Lastly,  boil  this  solu- 
tion, with  either  sulphate  of  iron  in  saturated  solution,  otm 
with  oxalic  acid,  until  all  the  gold  is  precipitated  as  a  brown 
powder,  which  can  be  well  washed,  dried,  and  weighed,  in 
the  manner  described  under  the  twenty-fourth  heading,  on 
*' Parting  Gold  from  Silver,"  and  calculated  as  under  the 
third  heading. 

There  are  many  proeipitants  of  gold,  but  these  will  behest! 
for  your  purpose.     Oxalic  acid  may  be  made,  when  rcquireih 
by  dissolving  one  part  of  sugar  in  six  parts  of  nitric  acid, 
boiling  the  solution  until  the  reddish  fumes  cease,  and  taking 
out  the  cTifsiuls  of  oxalic  acul  when  the  liquor  is  cold. 


I 


23,    ASSAYING    OF    GOLD    BY    CHLORINE   GAS. 

A*     Auriterous  quartz  and   sulphurets  of  iron   may   be ; 
assayed,  and  experimented  on  for  ascertaining  the  percentage 
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ml  can  be  obtained  from  the  ore  on  tbe  large  scale,  by 
lieing  dissolved  in  cbloriiie  water  that  has  been  chloridated 
fiy  chlorine  gas,  and  precipitated  by  sulphate  of  iron,  in  niin- 
iatiire  apparatus  (sold  by  Messrs.  John  Taylor  k  Co.,  of  Sau 
Traucisco),  which  exactly  resembles  in  actiou  that  for  the 
Plattner*s  process  in  the  manipulation  of  roasted  sulpburets 
on  the  large  scale,  which  will  be  fully  explained  in  the  last 
flection  of  this  book. 

B*     For  itinerant  imrposes^  I  would  suggest  the  foUowb^g  extern' 
jpariztd  means  far  assag  and  experiment^  wkiek  can  be  performed 
with  muck  greater  ease  and  faciliig^  and  is  even  more  correct  and 
exacting. 

Cttt  96. 


B 


TsTce  a  large-raouthed  pickle  jiir  as  that  shown  by  A,  Cut 
26,  and  a  large  demijohn,  small -necked  glass  or  stone  bottle, 
[fts  B,  or  other  suitable  vessels  (which  will  hold  sufficient  for 
Uhe  quantity  on  which  you  would  wish  to  assay  or  experi- 
jltient),  and  the  common  naphtha  lamp,  Cj  Cut  26,  to  warm 
Ithe  solvent. 
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A  cork  cover  mxist  be  sliapcd  to  hqU  the  larife-inoiitTi 
stone  pickle  Jar,  and  two  india-rubber  tubes  obtiuned,  th 
one  about  three  feet  six  inches,  and  the  other  six  inches  loo, 
and  from  one*fourt:h  to  three-eighthfl  of  an  inch  intern 
diameter,  to  feed  the  acid  and  form  the  connections  as  show 
for  conveying  the  chlorine  gas,  as  generated  in  A,  into  B. 

Now,  two,  smooth  round  holes  must  be  made  in  A's  cover 
and  two  more  in  the  cork  of  B,  just  so  large  as  is  requirec 
to  make  a  gas-tight  joint  by  mere  compression  on  the  rubbei 
tubes. 

To  afibrd  eafety,  and  at  the  same  time  obtain  the  necessa 
pressure  for  urging  the  gas  forward  from  A  to  B,  as  well  a^ 
for  providing  a  kind  of  "stink  trap'*  to  prevent  the  other — ' 
wise  direct  ascent  of  the  gas,  the  rubber  tube  should  b 
looped  in  the  manner  sliown  under  thq  first,  or  A's  cork,  and. 
on  the  right  or  ascending  side^  at  about  two  inches  above  th© 
hottom  of  loop,  and  say  one  inch  under  the  wood  cover,  a  hole, 
one- fourth  of  an  inch  wide,  and  a  half-inch  long,  must  be  cut^ 
to  allow  tlje  acid  to  pass  in  from  the  first  or  short  end,  and  at 
the  same  time  give  free  passage  for  the  gas  from  A  into  B, 
through  the  long  end;  whilst  all  goes  well,  all  hackw 
passage  is  thus  prevented,  without  the  use  of  glass  tixingHiS 

The  other  end  of  this  pipe,  D,  may  descend  into  B  about 
five  inches;  whilst  tlic  shoi-t  tube,  E,  merely  starts  just  under 
the  cork,  for  the  conveyance  of  the  lighter  air  away  as  tbe 
heavy  gas  enters  on  the  ore. 

The  apparatus  being  made  as  above^  take  twenty  pounds 
of  pulverized  quartz,  or  sulphurcts  of  iron  ;  the  latter  must 
he  well  roasted  and  stirred  at  a  red  heat  (with  about  a  tea- 
cupful  of  finely  powdered  charcoal,  if  you  have  it)j  for  at 
least  two   hours,  in  an   old   wrought-iron  frying-pan,   and 
allowed  to  become  quite  cold.     This  must  he  placed  iu  the 
large  demijohn,  B,   and   gradually  moistened  with  water 
throughout,  by  frequent  small  additions  and  shakings,  orrtij 
it  becomes  of  just  the  consistency  oi  mason  s  mortar  for  trm\ 
eUing,  when  you  may  force  in  the  cork,  6,  to  stop  the  mouth 
of  the  demijohn.    Now  place  four  ounces  of  tinely  pulvoriz< 
peroxide  of  manganese  in  the  jar.  A,  which  securely  stop  wit' 
the  cork,  a;  and  mix  sixteen  ounces  of  hydrochloric  (muri- 
atic) acid  with  eight  ounces  of  clear  water,  and  pour  tbia  iuto 
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thrt  ves8<3l,  A,  eight  ounces  at  a  time,  at  intervals  of  about 

Ihirty  minutes.  The  chlorine  gas  thus  formed,  over  a  gentle 
tlieat  from  the  lamp,  C,  is  pure,  and  can  be  passed  over 
Khrough  the  rubber  tube,  on  to  the  ore,  and,  being  much 

beavier  than  air,  will  lay  down  thereon,  saturate  its  water, 
id  dissolve  the  gold-  Before  re-^nppli/wg  the  add^  the  large 
»tt.lo,  B,  must  be  well  shaken  each  time,  which  can  be  done 

liest  after  removing  the  cork,  6,  and  substituting  a  separate 

cork  fur  this  express  purpose.* 

It  can  be  done,  however,  without  this,  by  stopping  the 
ibber  tubes,  either  by  comprcs^irjg  them  in  a  cloven-ended 

small  branch  of  a  tree,  similar  to  a  clothes*  pin,  or  by  tying 
teiii  with  a  cord,  during  the  time  required  tor  shaking, 

C»  Another,  still  more  convenient,  and  very  easily  applied 
y^tnelhod,  is  shown  by  the  following  illustration. 
H  The  bottle,  A,  is  put  into  a  saucepanful  of  cold  water,  and 
^kfter  being  placed  on  a  stove,  or  over  any  gentle  fire,  the 
H|Mitle,  A,  is  first  supplied  with  all  of  the  dilute  hydro-chloric 
^HBd  and  peroxide  of  manganese,  as  given  in  the  last  exam- 
ple, under  heading  B;  then  corked  by  ez,  which  has  now  but 
Hone  hole,  to  receive  a  half-inch  (internal  diameter)  exhaling 
^biibber  tube,  winch  need  not  be  more  than  about  eighteen 
HIticbes  long,  to  carry  the  gas  into  the  opcn-moutkcd  dan(john 
or  jar:  as  the  water  gradually  warms,  the  heavy  chlorine  gas 
>asisei;  through  and  fulls  down  on  the  moistened  ore,  until 
tie  bottle  becomes  nearly  filled  therewith,  which  may  be 
by  its  yellow  color.  The  rubber  tube  may  now  be 
[♦ped  tor  a  moment,  and  the  wfade  qas-formifHj  and  *vq)ph/mg 
fj^ti  rcmorni  <nfi-doors^  or  the  tube  passed  duwn  into  another 
»niaU-necked  bottle  for  a  few  minutes ;  whilst  the  demijohn 
TOtt-t  cctntain**  the  clilorine  and  moist  ore  is  closely  secured  by 
^rk  i,  and  violently  shaken  for  some  minutes,  to  more  thor- 
^^ly  chloridize  the  water  for  dissolving  the  gold;  the 
^<?mijnhn  is  again  placed  in  pot^ition,  and  supplied,  as  before, 
''"^rth  mare  gas,  for  another  more  lengthened  repetition  of  this 

|Tiiii  if  A  better  nod  rasicr  way  for  obtaining  the  chlorine  gaa,  lor  ofsajrlng 
0»t«,  Uiiiti  the  niuile  pmellced  on  the  large  scale,  where  aboul  eight  pMlft 
'  ••ilj^liurie  acid,  lui?  on  ii  mixture  of  five  parts  of  water,  four  pArtB  of  liJi 
^wJftftil^  ^,f  ♦iiKliuiu),  mid  three  ptirts  of  peroxide  of  niao^nnese* 
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shaking  proeegs,  when  it  may  be  allowed  to  remain  o^^f 
night,  thus  seciirely  corked. 

In  the  raorning,  poor  in  about  one  quart  of  water,  arxd 
shake,  as  before,  to  absorb  the  remaining  chlorine  gas  iim/to 
solution;  allow  it  to  stand  for  an  hour;  then  nearly  fill  tl^e 
vessel  with  warm  waier^  and,  after  it  has  had  time  to  eettX^, 
carefully  pour  the  liquid  ofl'  into  a  dean  earthenware  or  glEi-«d 
vessel  {filtering  it  is  mudi  better,  if  you  have  facilities); 
then,  after  pouring  in  a  second  quantity  of  about  two  qua»^ 
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of  warm  water,  to  extract  the  remainder  that  etill  adheres  to 
the  residue  of  sample,  the  gold  may  be  precipitated  by  solu- 
tion of  sulphate  of  iron  or  oxalic  acid  (rpade  as  described 
under  heading  22),  as  follows. 

About  twenty  drops  of  hydro-chloric  {muriatic)  acid  is  now 
added  to  the  clear  liquor,  and  some  dissolved  sulphate  of  iron» 
or  oxalic  acid,  which  must  be  occasionally  stirred  with  a  glass 
rod  (or  a  small  inverted  glass  bottle,  teat  tube,  or  slender 
piece  of  wood),  until  all  the  gold  baa  been  precipitated. 
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TTie  liquor  should  be  then  filtered;  the  filter  dried  in  a  basin, 
212^,  over  a  sauce-pan  of  boiling  water;  then  flamed 
td  burned  to  powder  in  this  basin,  and  the  gold  separated  by 
"c^ter-washing,  and  subsequent  drying,  as  previously  described 
pages  129  and  152,  under  heading  12  of  this  chapter. 
The  filtering  may  be  dii?pen.sed  with,  if  you  lack  such  con- 
'^^ Alienee,  o»*  knowledge,  V)y  pouring  the  liquor  carefully  away, 
oloLaning  and  drying  the  gold  after  the  manner  under  heading 
X2,  and  weighing  it  for  value  by  the  mode  degcribeil  under 
^lie  '^Parting  of  Gold  from  Silver,"  under  the  twenty-fourtl^ 
li  boding  of  this  chapter. 

Or  the  gold  and  dirt  can  be  cupelled  with  lead,  if  yon" 
i      liJi^ve  a  furnace  or  ma<'kme, 

H  To  calculate  the  value  per  ton  for  a  twenty  pounds'  sample, 
~  1:11  o  Itiply  this  weight  of  gold  obtained  by  100,  for  what  a  2000 
^pounds'  ton  of  such  will  produce. 

H         ^or  any  other  quantity,  see  the  third  and  fourth  headings 
^f   this  chapter. 

CJhlorine  gas  is  not  only  disagreeably  pungent,  but  very 
¥H>isonou3,  when  inhaled;  eo  that  it  must  not  be  allowed  to 
^^^ape  ittto  the  i-oom  in  any  quantity. 

^-    PARTING   OP  GOLD   FROM  SILVER  AND  BASE   METALS. 

In  the  separation  of  gold  from  silver  and  the  base  metals, 
^^e  following  jice  hints  should  net'er  be  negkded. 

1.  The  alloy  must  not  contain  more  than  one-fourth  of  its 
^  '   ■  ;  r»f  gold  ;  if  it  does  {frhich  may  he  Jmown  hy  not  hcing 

fl  by  the  nitric  acid)^  sutticient  silver  must  be  smelted 
i  nto  the  alloy,  before  the  acid  will  thoroughly  dissolve  out  the 
^eiiired  metal:?,  and  free  the  pure  gold. 

2.  The  nitric  acid  must  be  free  from  hydro-chloric  acid, 
Qn<l  have  about  a  certain  specific  gravity,  of  1.16  for  large 
opemtiond,  by  dilution  with  a  proper  quantity  of  water.* 

*  For  till*  ordtniiry  pur|>o.i(;s  of  nssujring,  tucb  ikS  parting  tbc  resultant  buttons, 
U  wiO  b«  quite  mvTktctUAiy  to  observe  tbta  extreme  nicely  io  tbc  stteogtb  of 
tii«  ftcid  \  for  it  will  bo  sefQ  tbat  If  a  little  too  mucb  water  should  b<?  first  ua«d, 
it  will  e%'»poriLte  quicklj  off,  bo  that  this  exact  itrengtti  rs  merely  nomiaal,  and 
con  b*  retttiacd  but  for  »  second  of  lime,  fts  coutiiiued  evaporation  will  soon 
I»iai  4(1^  off,  luid  rectify  the  acid.  Therefore,  about  one  part  of  water  to  foof 
]Mhrta  of  Uje  o-cid  will  sufiJce  for  ftuch  occajional  pnrpodea. 
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3.  The  button  must  be  flattened  A-erj  tliin,  and  boilea 
therein  for  from  five  minutes  to  tweutj^  niinutes  or  more, 
according  to  its  size,  for  some  time  after  all  action  ceases* 

4.  The  residual  brown  gold  must  be  well  washed,  in  either  ■ 
distilled,  snow^  rain,  or,  at  worst,  comparatively  pure  water,  " 
which  must  be  more  particularly  free  from  salt,  that  would 
increase  the  weight  of  the  supposed  goklj  by  depoeitiug  a 
coating  of  chloride  of  silver  on  its  Burface. 

5.  It  should  be  warmed  to  red  heat,  until  the  brown  metal 
shows  a  golden  color,  for  more  positive  proof  of  its  purity,  ■ 
and  the  total  absence  of  all  other  substances  that  might  have 
adhered  tliereto. 

For  bullion  assays,  where  a  large  metallic  sample  is  chipped 
off  from  the  brick  to  ascertain  its  thousandths  fine  for  silver  M 
and  gold,  the  base  metals*  thousandths  are  iirst  oxidized  ™ 
away  in  the  air  and  cupel,  as  in  previous  examples,  which 
leaves  the  pure  alloy  of  silver  and  gold  :  these  are  usually 
parted  by  assay ers  as  follows. 

The  total  weight  of  the  refined  alloy  is  first  ascertained  ; 
the  button  is  then  hammered — or,  better,  rolled^ — very  thin, 
and  coiled  into  a  more  compact  cylindrical  sliape  ;  it  is  next 
placed  into  the  bulb  of  a  glass  parting  flask,  which  has  the 
size  and  shape  of  a  hen*s  egg^  but  prolonged  at  ita  smaller 
end,  for  about  eight  inches,  by  a  half-inch  tube,  which  serves 
to  partially  condense  the  fumes  from  the  acid;  and  it  holds 
sufficient  water  to  cleanse  the  parted  gold  and  convey  it  to  a 
small  crucible,  for  being  warmed  to  redness  in  the  muffle  of 
the  furnace,  which  must  be  kept  hot  for  the  purpose. 

In  mints,  and  the  large  bullion  establishments  of  cities, 
several  of  these  flasks  are  used  together,  and,  ailter  the  rolled 
and  coiled  samples  are  placed  in  these  vessels,  the  egg-shaped 
bulbs  are  half-filled  with  acid  d(  1.16  specific  gravity  ;  they 
are  then  placed  in  a  suitable  rack,  and  somewhat  reclined 
position,  over  ;  s  many  gas-burners,  to  be  gently  boiled  for 
from  twenty  to  thirty  minutes,  so  as  to  ensure  complete  solu- 
tion of  all  the  silver. 

The  fliu^k  must  be  filled  with  pure  water,  then  carefully 
decanted,  and  re-filled.  Now,  with  the  left  hand,  place  tlie 
smallest  sized  French  crucible  over  the  mouth  of  the  riask, 
and  with  the  right  hand  gently  inveit  the  latter,  so  that  ltd 
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water  may  quietly  pass  away,  whilst  the  gold  drops  and 
reniains  in  the  crucible.  A  little  practice  will  be  necessary 
to  perform  this  with  ease  and  certainty. 

Being  sure  that  all  the  gold  ha^  descended,  you  may  now 
remove  the  flask,  and,  after  pouring  the  remaining  water 
away  from  the  gold,  place  the  crucible  first  in  the  month  of 
the  muffle,  for  slow  evaporation  of  its  raoistnre,  and  thence 
into  the  interior,  so  that  the  heat  may  be  increased  to  red- 
ness, for  puritication,  etc* 

It  must  be  then  removed,  and,  after  it  becomes  quite  cold 
weighed  for  its  thou.'^andth's  fine,  and  deducted  from  the  total 
weiglit  for  the  thonsfuidth's  of  silver. 

I  have  used,  when  away  from  gaa,  the  cabinet  described 
under  the  ninth  heading  of  this  chapter,  where  the  bottom 
front  row  of  pigeon-holes  were  marked  from  A  1  to  10,  for 
weighed  assay;  the  second  front  row,  marked  B  1  to  10, 
received  the  resultant  crude  button,  from  smelting;  the  third 
front  row,  markeii  C  1  to  10,  received  the  cupelled  button ;  and 
the  top  row  of  the  cabinet,  marked  D,  received  the  deposU  of 
gold,  after  it  had  been  parted,  in  such  flasks,  that  reclined 
againtit  their  respective  numbers,  over  as  many  smnll  lamps, 
which  had  been  supplied  with  siitfieient  alcohol  to  burn  the 
proper  maximum  time  of  thirty  minutes, 

I  have  at  other  times  rendered  a  common  naphtha  house- 
hold lamp  most  subservient  for  sucIj  purposes,  by  entwining 
a  small  wire  around  the  upper  part  of  its  glass*  chimney 
which  terminated  in  a  ring  to  support,  the  dish ;  as  C,  under 
vessel  A,  Cut  26. 

For  quartz  assays,  and  other  isolated,  occasional  roquire- 
mentB  of  miners  and  raetallurgists,  the  following  will  be 
more  available  and  convenient,  ami,  for  such  small  quantities, 
much  more  exact,  than  the  method  described.  Take,  instead 
of  this  flask,  a  small  porcelain  dish,  a  thin  tea-cup,  or  other 
similar  open  vessel,  that  will  stand  the  actions  of  acid  and  the 
necessary  heat,  and  boil  the  button  therein  for  from  ten  to 
twenty  minutes,  according  to  its  size,  until  all  the  silver  is 
dissolved.     This  may  be  done  over  a  clean  heated  stone,  a 

it  stove  top,  or,  still  better,  on  the  ring  of  wire  over  the 

isehold  naphtha  lamp,  as  described;  wbich  is  smokeless, 

and  superlatively  convenient  for  such  and  similar  purposes, 
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a8  the  beat  ean  be  suitably  arljusted  aud  equally  sustained 
suit  your  various  requiremects,  by  tbe  wick-elevating  side 
icrew  (as  seen  in  front  of  lamp  C,  Cut  26). 

This  being  accomplished,  the  acid  may  be  poured  fiway, 
and  the  vessel  carefully  filled  and  emptied  with  clean  water 
twice  or  thrice,  when  the  brown  deiiosit  of  gold  may  be  boiled 
in  the  half-fitled  vessel  of  water,  for  a  few  minutes,  to  remove 
any  adhesive  foreign  substances  ;  and  then,  after  this  water 
has  been  very  carefully  poured  away,  the  disli  and  gold  must 
be  warmed  as  hot  as  possible,  until  yoo  are  satisfied,  by  its 
appearance  tlirough  a  magnifying  gtasb,  tliat  nothing  but  gold 
remains.  It  will  not  attain  general  gold-like  lustre  at  this 
temperature — only  a  partial  but  satistactory  color;  which 
will,  when  bruised,  expose  the  bright  gold  yellow. 

With  the  glass  in  the  left  liand,  and  a  sharp-pointed  pen- 
knife or  forceps  in  the  right  hand,  you  may  now  loosen  any 
one  of  these  sponges  of  gold  that  adheres  to  the  disli,  or  cup, 
being  careful  that  if  any  particle  thereof  sticks  to  the  knife 
or  forceps,  it  nmst  be  returned  by  a  gentle  tap  on  the  edge 
of  the  vessel* 

Wlien  this  becomes  quite  cold^  it  may  be  w^eighed  to  the 
most  exact  degree  of  nicety  that  is  possible  for  your  balance 
to  realize,  in  tbe  following  manner* 

Cut  two  similar  pieces  of  thin  unglazed  or  common  blot- 
ting paper,  about  one  and  a  qimrter  inch  long  by  one  inch 
wide,  and  after  folding  them  the  louff  ivai/^  like  a  sheet  of  note- 
paper,  trim  oil'  the  corners  with  scissors,  so  that  they  may 
exactly  balance  on  your  scales.  This  supple,  steadj^,  com- 
pliant, and  retaining  bulbous  paper  is  much  more  suitable  for 
such  purposes,  than  the  rigidly  elastic,  wild,  uncertain 
motioned,  and  slippery,  glazed  note-paper. 

Now,  these  l>eing  halanced  and  mdtabfi/  folded^  you  can 
remove  the  one  from  the  pan,  to  a  clean  dry  spot,  in  front  of 
yourself  and  scales,  and,  by  taking  the  vessel  that  contains 
the  gold  in  the  left  hand,  yoo  can  so  incline  it,  that,  assisted 
by  gentle  taps  with  the  pen-knife  or  forceps,  every  particle  of 
gold  will  fall  on  the  flat  half,  of  the  folded  balanced  paper, 
whilst  the  nearer  half  will  form  a  v^ertical  and  most  eftectual 
stop-fence  for  the  gold,  and  a  convenient  handie  for  replacing 
it  in  the  scale-pan,  for  ascertaining  its  weight. 


METALLUEQISTS*   COMPAKION. 


283 


25,   PARTTKa,   BY    IXTRACTION    OF   THE    8ILVBR    FROM    A    FLUID 

>  ALLOT   OP  OOLB  AJO)   SILVER,    BY  CHLORIKE   GAS. 

The  affinity  of  silver  for  chlorine  is  moch  increased  by 
high  temperature,  whilst  gold  almost  loses  its  affinity,  and  18 
therefore  inilifferent  under  such  conditions.  ^ 

These  properties  have  been  long  known,  and  acted  on  in 
many  modified  ways  for  preparatory  roasting  and  simultane- 
0119  ehloridati on  of  silver  ores,  to  render  thetn  les^s  refrat'torj', 
for  the  various  subsequent  methods,  for  manipulation  by  pan 
amalgamation^  smelting,  or  purely  chemical  treatments. 

Plattner'e  process  for  extracting  gold  from  previously 
roasted  suiphuret  of  iron  depends  on  the  fact  that  cold  chlo- 
rine water  has  such  a  strong  affinity  for  gold  that  it  can  be 
readily  dissolved  therein,  and  again  precipitated  at  pleasure, 
by  sulphate  of  iron,  etc.,  etc. 

Mn  Miller,  of  Australia,  the  Assayer  of  the  Sidney  Mint, 
knowing  of  this  inditlerence  of  hot  or  molten  gold  for  chto- 
rine,  has  recently  experimented  thereon  at  that  establishment 
with  apparent  success,  for  refiuage  of  their  gold  for  coining 
purposes.  Aa  it  is  irrelevant  to  your  requirements.  I  speak 
of  it  more  as  an  interesting  and  novel  application  in  large 
metallurgical  works,  rather  than  for  its  appliance  in  your 
business. 

■  I  see,  from  the  inventor's  lengthy  description  of  the  mode 

■  of  operation,  published  in  the  Chemical  News,  thai  it  is 
accomplished  as  follows. 

m  One  or  more  (of  17  or  18  sized)  French  crucibles  are  duly 
prepared  with  borax,  and  laid  in  the  cold  furnace,  to  be 
sluw^Iy  and  carefully  heated  to  dull  redness,  when  from  700  to 

■  800  ounces  of  the  auriferous  alloy  (cast  in  such  a  shape  that 
two  ingots  shall  suit  the  crucibles)  are  [»laced  in  each  cruci- 
ble, and  quickly  melted ;  fi'om  two  to  three  ounces  of  fluid 
borax  is  now  poured  fn>m  another  hot  crucible  thereon. 

M       During  the  last  ten  minutes  of  this  melting,  a  small  fire* 

■  resisting  clay  tulte,  ttiat  forms  the  nozzle  or  Hre-end  of  the 
chlorine-supplying  i»ipe,  has  been  slowly  heated,  so  that  it 
may  not  split  wdien  introduced  into  the  melted  gold.  This 
pipe  is  now  carefully  lowered  to  the  bottom  of  the  crucible, 
which  must  be  now  covered,  and  at  the  same  time  supplied 


284 


THE   EXPLORERS  ,   MINERS     AND 


with  dilorhie  gas,  to  prevent  the  gold  from  rising  and 
tling  in  the  tuhe. 

Being  kept  in  this  position  by  a  few  small  weights,  it  is 
continuously  8U|>piled,  by  snituble  pressure,  with  the  gas, 
which  quiiitly  bnbbtes  up  through  the  molten  alloy,  and  pro- 
Jeirts  no  globules  of  metal  away. 

Variously  colored  fumes  arise  during  the  process,  which 
indicate  the  presence  and  exit  of  the  ditterent  oxides  or  chlo- 
rides of  the  base  motalii!>  and  when  these  have  all  passed,  and 
all  of  the  silver  has  been  ehloridized,  the  chlorine  gas 
shows  \U  characteristic  yellow^  and  deposits  this  color  on  the 
stem  of  a  white  clay  tobacco-iiipe,  when  inserted  through  a 
hole  in  the  crucible-lid^  a  plug  being  removed  for  that  pur* 
pose,  the  operation  (which  requires  about  one  hour  and  a 
half)  is  now  suspended,  the  crucible  removed  from  the  fire, 
and  the  liquid  chloride  of  silver  poured  into  suitable  dry 
moulds.  After  its  solidification,  the  red-hot  gold  is  extracted, 
by  inversion  of  the  crucible,  and  thrown  into  a  concentrated 
boiling  solution  of  couimon  salt,  which  dissolves  the  adher- 
ing chloride  of  silver.  It  is  said  that  all  these  operations 
can  be  readily  performed,  and  about  2000  ounces  refined  in 
tliree  common  melting  furnaeen,  in  live  hours  ;  and  that  the 
thousandths  and  quantity  of  gold  then  retained  equal  that 
from  other  methods, 

26.    PARTING    OP  GOLD,    BIL\^E,   AND  BASE  METALS,  WHEN  AMAL* 
GAMATED    WITH    MERCURY. 

The  dry  amalgam,  as  received  from  the  strainer,  or  back' 
skin,  when  in  considerable  quantity,  is  first  freed  from  the 
mercur}^  by  being  retorted  over  a  fire  ;  the  mercury  is  recov- 
ered by  condensation,  whilst  the  gold  and  silver,  alloyed  with 
the  base  metals,  remain  as  metallic  sponge ;  which  may  be 
fused  in  a  crucible  with  borax,  and  cupelled  in  sntKeiently 
large  concavities  of  bone  ash,  with  a  suitable  amount  of  lead 
for  proper  purification,  as  described  for  cupellation  on  the 
small  scale.  The  base  metals  can  also  be  oxidi;5ed  away  by 
adding  sufiicient  nitre  to  the  borax,  during  fusion  in  crucible; 
and  the  alloy  of  gold  and  silver  poured  directly  into  moulds. 

The  silver  and  gold  may  be  then  assayed  for  thousandths 
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Sne  of  each,  by  either  drilling  a  hole  through  the  brick,  or 
chipping  off  a  sufficient  quantity  from  the  corners — say  10  or 
100  grains^ — for  separation  by  acid,  etc.,  afl  under  heading  24, 
Small  balls  of  well  compressed  amalgam  may  be  wrapped 
in  strong  folds  of  paper  or  rag,  with  half  their  weight  of 
borax ;  then  gradually  heated  and  fused  in  a  somewhat  capa- 
cious crucible,  with  sufficient  lead,  and  cupelled ;  or,  being 
first  correctly  fused  with  borax  and  nitre,  after  the  base  min- 
erals are  thus  oxidized,  they  may  be  more  directly  paiiod  by 
nitric  acid,  without  cupellation,  as  before,  for  thousandths 
fine  and  value. 

27.    BEFININO   OF    GOLD   AND    SILVER    FROM    ALL    SOURCES. 

The  retiuemeut  and  separation  of  gold  and  silver,  althoagh 
a  strictly  metallurgical  operation,  is  not  always  accomplislied 
in  the  most  direct  chemical  manner,  but  is  varied  to  suit 
coramercial  circumstances;  and  such  re-agents  are  used  for 
dissolving  and  precipitating  the  silver  as  will  best  answer  the 
twopurposesof  obtaining  the  silver,  and  the  resulting  profits 
from  the  sale  of  the  more  suitable  simultaneous  productions. 

These  more  varied  modes  need  not  be  exposed  here,  as 
the  miner  will  not  requiro  them. 

The  most  effective  method  for  refining  gold  and  silver  is 
that  so  graphically  described  in  the  Bible;  the  base  minerals 
were  then  oxidized,  as  they  now  are,  by  cupellation  on  a 
porous  support,  at  suitable  temperature  before  blast  ;  the 
only  difference  being  in  the  superior  mechanical  arrange- 
ments of  modern  times. 

As  the  cupellation  of  large  quantities  of  base  bullion,  for 
its  silver  and  gold,  must  be  illustrated  and  fully  described  in 
Chapter  IV  of  Section  V,  on  Metallurgy,  we  will  now  but 
consider  the  more  simple  and  ready  methods  for  the  melting 
and  cupellation  of  the  smaller  quantities  that  are  generally 
required  by  miners,  after  the  more  ordinary  milling  opera- 
tions, rather  than  those  from  smelting,  etc. 

These  small  amounts  of  gold  or  silver,  when  either  sepa- 
rate or  alloyed  with  each  other,  and  with  the  base  metals, 
may  be  treated  in  the  following  manner. 

A,  A  crucible  of  good  sound  clay,  or  plumbago  and  clay 
composition,  is  selected,  of  suitable  capacity  for  conveniently 
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holding  the  required  quantity  of  alloy;  and  placed  i 
furnace,  in  such  a  fiosition  that  it  can  be  enclosed  with  a 
sufficient  amount  of  charcoal  or  coke  to  produce  the  intense 
heat,  that  must  be  now  gradually  attained,  for  the  proper 
fusion  and  refinement  of  gold. 

If  the  mass  of  alloy  is  comparatively  pure,  it  may  he 
immediately  refined  in  the  crucible,  by  first  adding  thereto 
about  from  one  to  four  per  cent  of  nitre  (nitrate  of  potasaa), 
then  from  one  to  five  per  cent  of  boraxj  and,  after  it  has 
become  thorotighly  fluid,  some  finely  pulveri^ced  bone  aah 
should  be  thrown  on  its  surface.  The  nitre  oxidizes  the 
base  metals  ;  the  borax,  by  fi^rming  fusible  slag  with  the 
ganguCj  iron,  etc.,  will  extract  and  bring  such  to  the  surface 
of  the  molten  metal;  whilst  the  bone  ash,  being  thrown  on 
a  few  minutes  before  pouring  into  the  ingot  mould,  will 
absorb  the  base  oxides  with  the  uueombined  surplus  borax 
and  slag,  and  otherwise  serve  to  clean  the  metal,  and  com" 
plete  the  refinement  to  gold  or  silver. 

B.  A  large  clay  crucible,  that  has  been  previously  used 
for  smelting  (if  cracked,  it  will  answer  this  purpose)  may  be 
rammed  with  bone  asb,  and  suitably  concaved  to  retain  the 
alloy.  This  prepared  cupel  must  be  gradually  dried,  then 
placed  in  the  furnace  and  warmed  to  bright  red,  when  the 
alloy  is  put  thereon,  with  sufficient  lead  to  extract  the  base  M 
minerals,  by  oxidation,  which  pass  away  both  in  fumes  and 
into  the  bone  ash,  when  the  air  is  allowed  to  enter  freely  over 
the  ynoUen  metal,  from  the  top  of  the  furnace. 

The  quantity  of  lead  will  vary  from  about  one^fourth  to 
ten  parts,  according  to  how  much  the  alloy  contains  of  the 
base  raetds  to  be  thus  oxidized  j  which  should  be  approxi- 
mated by  a  preliminary  examination  with  blow-pipe,  or  some 
other  method.  The  appearance  of  the  insufficiently  refined 
fluid  metal  will  also  inform  you  when  more  lead  should  or 
should  not  be  added;  which  see,  under  heading  2,  Cupel- 
lation. 

C.  Large  sized  scorifiers  will  be  found  very  convenient 
and  eff'ective  for  the  refinement  of  ordinary  quantities  of 
gold,  for  they  can  be  thus  shaped  with  bone  ash,  and  the 
refinement  performed  in  the  muffle. 

Cone  is  of  inanfficient   capacity,   the  bultiau   may   be 
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divided,  and  as  many  as  eight  scorifiers  can  be  worked  at 
otice,  by  the  double  muffle  arnangement  of  the  furnace,  as 
illuBtrated  at  page  229.     (Old  scorifiers  will  do.) 

The  bullion,  being  thus  refined  by  fluxed  fusion,  or  by 
cnpellatiou,  must  be  parted  by  one  of  the  many  humid 
methods,  and  the  two  following  will  be  found  most  suitable 
for  your  general  purposes* 

D.  Separation  of  Gold  from  Silver  for  Rbalizatiok. — 
These  operations,  that  have  been  so  mueb  varied  at  different 
places^  to  suit  especial  commercial  circumstances,  as  to  the 
prices  of  re-agents  and  sale  of  resultant  products,  may  be 
performed  by  you,  in  two  ways,  as  follows, 

1,  Dissolve  the  alloy  of  gold  and  silver  (which  must  con- 
tain, for  reasons  stated  at  page  279,  under  hea<ling  24,  at  least 
three  parts  of  silver  to  one  of  gold),  in  a  suitable  vessel,  with 
boiling  nitric  acid  of  1,16  specific  gravity,  until  the  sponges  or 
flocks  of  gold  are  perfectly  freed  from  silver  j  then  transfer 
the  solid  residue  of  gold,  or  the  nitrate  of  silver  solution, 
into  another  vessel,  for  the  more  complete  purification  of 
the  gold  by  water-washing,  and  subsequent  fusion,  for  the 
parpose  of  its  being  cast  into  an  ingot ;  whilst  the  silver  is 
precipitated  as  a  chloride  by  common  salt,  from  the  solution, 
which  may  be  fluxed  after  the  manner  suggested  by  Gay 
XussaCy  and  used  by  Dr.  Miller:  that  of  mixing  to  every  100 
partd  of  the  chloride,  70.4  parts  of  carbonate  of  lime  (say 
chalk,  marble,  or  calo),  and  4.2  part-s  of  charcoal.  It 
must  be  warmed  to  dull  redness,  and  kept  so  tor  a  half- 
hour;  then  the  temperature  is  increased  to  full  red,  which 
produces  a  mass  of  pure  silver. 

Gmelin  advises  to  tiox  with  one  part  of  resin  to  three  parts 
of  the  dried  chloride,  w^hich  are  intimately  mixed  and  packed 
into  a  crucible,  to  half  fill  it.  A  moderate  beat  is  first 
applied,  which  gradually  burns  the  resin;  the  beat  is  then 
raised  to  white  red,  when,  the  cover  being  first  removed, 
a  little  bonix  is  addeJ,  the  contents  are  heated  to  more  per- 
fect fluidity,  and  the  crucible  removed  from  the  tire.  The 
masses  of  silver  produced  may  be  again  fused  with  borax, 
and  poured  into  moulds  of  any  desired  shape. 

E,  The  alloy  may  be  dissolved  in  boiling  sulphuric  acid, 
and  the  silver  precipitated  by  metallic  copper,  iu  a  metallic 
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e;  vkibi  tbe  copper,  being  thus  broaght  iato  tbe  solth 
i  MB  aoliihste,  wilt  abo  became  valuable  to  you,  or  can  be 
I  in  local  markeu.     The  metallic  gold  and  silver  can  be 
fluxed^  smelted  io  crucible,  and  ran  into  mouldy 
M  before. 

6.  H<  Makin9«  an  assayer  in  the  Bank  of  England,  has 
deteribed,  to  his  Manual  of  Metallurgy,  the  fallowing  method 
bf  produdng  pure  silver  and  gold^  which  may  sometimed 
foil  the  more  extensive  requirements  oi  the  miller. 

**t9  pnp^ft  It,  ciMine  sitrer  if  dU»olTed  io  ttitrk  acid,  9omewh&t  diliii«; 
whtm  all  if  di««otr«d  bot  associated  gold,  a  farther  qoantitj  of  hoi  wAtcr  if 
•44*4,  and  the  whole  alloired  to  itaod  until  th«f  ^old  has  completelr  sobiidad; 
tbe  ftitrate  of  etlfer  i<  then  to  be  poared  off  careful!  v.  and  an  excesa  of  eommoa 
•aJt  added  so  as  to  precipitate  all  the  silver  as  chloride.  Afier  subsidence,  the 
acid  liquid  is  decanted,  and  tbe  cbloricle  well  w&shed  with  repealed  quiintiliei 
of  hot  di«tilted  water,  until  tbe  Utter  it  fre€  from  Acid.  The  chloride  13  thea 
aesdttlaied  with  bjrdro-cbloric  acid,  added  in  tbe  proportion  of  abont  one  pint 
Io  each  ten  pounds  of  chloride.  Into  this  mud  a  number  of  plates  of  cleaa 
VfOoght  iron  are  put.  A  copious  erolatioa  of  hjdro^n  ia  at  ooce  set  up  al 
the  ittrfkce  of  the  iron,  and  the  solution  of  the  latter  commencing,  the  chloride 
of  silrer  adjacent  to  tbe  itrps  is  reduced^  and  this  redoction  will  spri^ad  from 
each  ^iip  of  iron  tbroughout  the  whole,  which  will  thus  become  a  sponger  mass 
of  ailrer.  Tbe  itlrer  iboald  not  be  disturber)  till  all  15  reduced,  or  portions  of 
chlofide  are  apt  to  escape  reduction.  When  all  traces  of  chloride  are  goi 
tbe  iron  is  careful! j  removed,  tbe  chloride  of  iron  solution  poured  olf^  and  thi 
whole  maas  covered  with  a  quaotitj  of  hot  water,  to  which  about  oae-tenth  Its 
bnlh  of  pure  hj*dro»cbloric  acid  is  added.  After  standing  a  few  mmutcs,  this 
LI  poured  off  and  renewed  \  and,  after  the  decanting  of  the  second  portion,  pure 
hot  water  is  added  ;  und,  lastly,  the  whole  is  washed  as  quickly  as  possible  with 
repeated  quaoiities  of  bot  water,  until  the  washings  will  not  render  a  dilute 
solution  of  ferrocyanlde  of  potnssium  in  the  smallest  degree  blue.  The  Bilver 
is  then  squeezed  by  the  bands,  and  dried  in  a  porcelain  basin.  If  this  procest 
be  carefully  carried  out,  it  will  give  a  product  as  fine  as  999,7  parts  in  1000; 
that  la  to  say,  conlainiog  only  three -ten -thousandths  of  admixture,  which  latter 
is  probably  due  to  peroxide  of  iroa.*' 
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CHAPTER    VIII. 


ASSAYING  OF  LEAD. 

1.  By  Crucible. — The  ores  of  lead  can  be  assayed  for  per- 
centage of  metal  more  promptly  than  those  of  gold  and 
silver;  but  great  care  must  be  taken  to  understand  the  con- 
^t:itution  of  the  mineral,  if  accuracy  is  essential ;  unless  this 
deficiency  of  knowledge  for  exact  fluxation  is  rendered 
Unnecessary,  by  relying  on  the  universal  action  o^  and  chem- 
ical changes  produced  by  fire,  during  a  preliminary  roasting 
5it  a  low  red  heat^  when  stirred  for  some  tioenty  minutes. 

AU  lead  ores,  that  are  valuable  to  the  miner  as  such^  when  thus 
^ocisiedj  as  well  as  those  several  unroasted  ores  of  carbonate, 
^hromate,  phosphate,  and  oxide  of  lead,  may  be  fluxed  and 
^melted  in  the  following  manner. 

A.  Average  your  sample  with  great  care ;  take  25  grains 
of  ore,  which  project,  by  a  long -handled  scoop,  into  youar 
l^d-hot  crucible;  then,  after  quickly  covering  this  with  19ft 
grains  of  carbonate  of  soda,  close  the  furnace  for  fix)m  fift«eRi 
to  twenty  minutes,  when  you  may  remove  the  crucible  frecn 
the  fire,  tap  it  lightly,  to  precipitate  and  unite  the  mcritea 
globules  of  lead,  and,  when  the  crucible  becomes  quite  cold, 
it  may  be  broken,  and,  after  the  button  has  been  brtMhed 
clean  and  weighed,  the  ore's  percentage  may  be  knowD  by 
multiplying  this  weight  by  4  (or,  100  grains  may  be  taken). 

This  will  extract  as  much  lead  (when  properly  conducted) 

from  all  classes  of  ores,  as  any  other  mode ;  and,  even  when 

salphuret  of  antimony  is  also  present,  the  latter  will  not  be 

reduced  by  these  fluxes,  but  will  volatilize,  and  combine  to 

form  slag. 

For  ordinary  purposes,  even  the  worst  ore,  that  of  suU 
pharet  of  lead  (galena),  and  antimony,  need  not  be  roasted. 
19 
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The  sulphiiret  of  antimony  is  often  anBociated  with  that  of 
lead,  in  the  Paeilic  slope  States  and  Territories  of  North 
America;  and,  when  it  is  present,  this  mode  will  be  found 
(for  the  reason  stated)  all-gufficient. 

When  antimony  is  pvfseni^  an  iron  eruvibk  must  not  bt  tisd^ 
as  it  also  reduces  the  sulpkuret  of  antimony  to  metaL 

B.  Should  it  be  required  to  aBcertain,  also,  the  percentage 
of  antimony,  the  same  qnantitf/  of  ore  may  be  treated  as  abou 
for  lead;  but,  for  both  lead  and  antimony:  to  this  end,  the  25  ■ 
grains*  of  ore  must  be  fu«ed  with  an  intimate  mixture  of  75 
grains  of  carl>onatc  of  soda,  and  75  grains  of  cyanide  of  potas- 
sium, which  will  reduce  both  metals;  and  this  weight,  mul- 
tiplied by  4,  will  give  the  percentage  of  alloy,  whilst,  the 
former  percentage  of  lead  being  deducted  therefrom,  the 
diffurence  will  give  the  weiglit  of  antimony. 

The  purity  of  lead  is  beet  ascertainerl  by  flattening  the  but- 
ton to  a  very  thin  disk,  so  that  its  edge  may  be  characterized 
by  absence  of  cracks,  and  for  its  ductility  and  tenacity;  whilst 
the  middle  may  be  still  beiit  repeatedly  without  fracture. 

The  above  modes  are  oniversal  and  reliable  for  all  the  ored 
of  lead  whicli  are  of  any  value  to  the  miner. 

There  are  several  other  methods  practiced  in  different  dia- 
trict8  for  assaying  pure  galena ;  hot  they  require  fnucfi  disere* 
tion^  where  there  is  any  chance  for  associations  of  antimony^  eic^ 
or  errors  will  he  the  result. 

This  carefully  averaged  sample  of  25  grains  may  be 
Bracltcd  either  in  mufiie  or  open  fire;  but,  if  more  ie  taken, 
the  larger  crucible  will  require  an  open  fire. 

It  will  be  a<Jvisable  to  assay  in  duplicate,  when  exactitude 
is  required;  and  to  withdraw  at  the  separate  periods  of  fifteenfl 
and  twcutj'  minutes,*  so  that  the  larger  of  the  two  buttons 
may  be  accredited  Ibr  value. 

If  copjjcr  is  present  in  the  ore,  a  more  moderate  beat,  and 
less  time,  may  be  advantageously  given,  so  that  as  little 
copper  as  possildc  may  be  reduced  therewith. 

Copiicr  may  be  also  dissolved  out  from  the  weighed  sam- 
ple, l^y  a  little  dilute  sulphuric  acid,  then  watered,  poured 
off,  and  dried  over  lamp,  sand  bath,  or  other  convenience, 
before  fusion.    (See  the  lamp,  Cut  32.) 
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2.  AssATiNO  OF  Lbad  AND  Antimonial  Lbad  Ores,  bt  thb 
•*WbbPrt"  Machine. 

A.  Carefully  prepare  the  sample  for  average,  as  directed 
in  Chapter  I,  Section  in. 

B.  Balance  the  lever  with  weight  A,  so  that  the  pointer 
of  the  main  lever  may  lie  opposite  the  line  on  the  end  of  the 

transverse  lever. 

f 

C.  Carefully  remove  weight  A  jfrom  the  scale  scoop,  and 
place  the  weight  marked  B  therein,  in  the  manner  described 
^nder  headings  A,  B,  C,  D,  E,  F,  G,  and  H,  pages  250,  251, 
258. 

D.  Shovel  the  ore  into  the  other  end  of  the  scale  scoop, 
until  the  weight  B  and  this  ore  again  bring  the  pointer  of  the 
main  lever  to  balance  with  the  line  on  the  cross  lever,  and  it 
will  conform  to  the  quantity  marked  1000  (against  weight 
marked  X  4),  on  the  No.  4  column,  under  the  calculating 
lever. 

E.  Return  weight  B  to  the  weight-box,  unhook  the  scoop, 
and  drop  the  weighed  sample  into  the  concavity  of  a  pre- 
pared charcoal  assaying-cup,  and  cover  it  with  a  mixture  of 
one  balancing  (10  grains)  of  carbonate  of  soda. 

P.  If  pure  lead  is  required,  the  lamps  may  be  now 
lighted,  and  the  sample  almost  covered  by  a  piece  of  solid 
charcoal  (properly  clasped  in,  and  suspended  by,  the  spring- 
fingers,  as  shown  at  page  138,  by  Cut  15),  or  partially  covered 
by  a  furnace  of  fire  suspended  thereover  (as  shown  by  Cut  21, 
page  249),  and  smelted  for  some  ten  or  fifteen  minutes,  an 
described  under  headings  T,  U,  V,  W,  pages  256,  257,  on  the 
Silver  Assay  by  "Wee  Pet'*  machine. 

Q.  Remove  the  resultant  button  of  lead  from  the  support, 
clean  it  from  slag,  etc.,  balance  it  with  one  of  the  numbered 
weights,  marked  X  2,  X  3,  X  4  (as  described  at  page  261, 
under  heading  Z 1),  and  the  button  will  lie  opposite  its  frac- 
tion  of  1000,  and  will  thus  expose  its  thousandths  at  sight. 

Decimate  the  last  right-hand  figure  (or  divide  by  10),  and 
its  percentage  will  also  be  known. 

Thus,  say  it  balanced  with  weight  X  4  (in  the  scale  scoop)^ 
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Opposite  800,  in  No.  4  column  j  this  would  be  80.0  percent 
li\  at  another  time,  it  balanced  with  weight  X  2  (in  tl 
scale  scoop),  opposite  72,  in  No.  2  column,  this  would,  when      , 
decimated,  equal  7*2  per  cent,  which  h  Huffioientlj  low  for  ■ 
practical  purposes.     If,  ho%vever,  you  would  value  still  lower,  ™ 
ufle  the  weights  marked  4,  3,  2,  and  1,  and  decimate  two 
right-hand  figures.  I 

IL  If  antimony  is  also  required,  take  the  same  weight  of 
ore  as  before,  but  flux  with  one  balancint^  (10  grains)  of  car- 
bonate of  8oda,  and  with  another  balancing  of  the  cyanide 
of  potassiun^,  when  the  total  will  represent  the  alloy  of  lead 
and  antimony,  and  the  difference  of  the  percentage  of  these 
buttons,  produced  from  the  separate  fluxings,  will  (as  in  the 
crucible  assay)  give  the  percentage  of  antimony. 


8,  assatinq 
Blow^-pipb. 


OF  Lead  anb  Antimonial  Lead  by  Common 


A.  For  obfaimng  pure  lead,  take  one  grain  of  pulveriz.ed  ore, 
and  two  grains  of  carbonate  of  soda,  which  intimately  mix 
together,  and  smelt  in  a  paper  cartridge  for  ten  minutes,  in  a 
good  yellow  reducing  flame,  as  fully  described  under  heading 
18,  at  page  239  for  the  Assaying  of  Silver  l>y  Common  Blow- 
pipe. 

Clean  the  button  from  slag,  and  hammer  it  very  thin; 
if  the  edges  remain  unbroken,  and  the  disk  can  be  repeat- 
ediy  bent  aerosfs  the  middle  without  brcuking,  the  metal  is 
sufficiently  pure ;  if  not^  re-place  it  on  the  charcoal,  and  warm 
it  with  an  intennittent  flame,  but  just  to  molten  state,  for  a 
few  seconds,  and  repeat  the  test  of  flattening,  etc. 


1 
I 
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B.     If  antimony  is  also   present,  flux  with  an  intimate 
mixture  of  one  grain  of  carbonate  of  soda,  and  one  grain  of 
cyanide  of  potassium,  which  cartridge  and  smelt,  as  before,  .■ 
for  ten  minutes. 

This  cleaned  button  will  contain  both  ike  lead  and  audmon^f 
and  the  weight  of  lead  Irom  A  being  deducted  from  that  of 
the  alloy,  the  quantity  of  each  can  he  faioitm. 

With  a  good  balance,  a  carefully  averaged  sample  may  bo 
thus  most  readily  and  correctly  assayed ;  and  the  good  blow- 
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pipiBt  requires  no  better  meaiiB  than  this  for  the  practical 
purposes  of  nuning  and  reducing  lead  ores. 


4,  Assaying  of  Lead  by  Water  Concenthation. 


H  A-  Galena  (or  sulphuret  of  lead)  is  found  in  very  many 
^■mines,  in  a  state  of  complete  isolation  from  antimony  and 
other  heavy  minerals;  and,  where  such  prevails,  a  more  accu- 
n  rate,  economical,  and  expeJitiou^  assay  can  be  made  by 
^kwater  concentrations  of  its  mineral  elements,  for  its  equiva- 
"  lent  qnantity  of  meUdlie  lead,  than  by  any  other  method 
—^  whatever.  This  may  be  accomplished  in  tht.^  to! lowing 
B  manner. 

Take  100  grains  from  an  average  sample  prepared  after 

^the  method  of  Chapter  I  of  this  Section,  and  carefidly  con- 

|bentrate  it  thrice,  by  the  manner  fnlly  explained  in  Chapter 

XII,  at  page  130 ;  atlerthc  several  concentrations  are  collected 

into  a  plate,  saucer,  bowl,  or  other  suitable  vessel,  it  may  be 

thoroughly  and  safely  dried,  at  the  suitable  temperature,  by 

t«ing  placed,  as  a  lid,  over  a  sauce-pan  or  cofi'ee-pot  of  boib 
ig  water  (as  shown  by  Cut  28). 

Cut   519. 


This  dried  residue  may  be  next  transferred  to  a  previously 
^hmed  paper,  and  w^eighed  for  its  percentage  of  galena, 
which,  being  multiplied  by  86,55  and  divided  hy  100  (or  by 
the  decimal  numbers  .8655),  its  actual  percentage  of  metiUHc 
lead  will  be  ascertained;  and,  if  this  dried  woiglit  is  multi- 
plied by  4  and  divided  by  5,  it  will  be  about  tlie  lesser  quan- 
tity that  can  be  obtained  by  crucible  assay,  or  froto  the  more 
extensive  smelting  opemtiona. 
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If  a  Httk  iron  or  copper  Rliould  be  present,  metallic  iron 
can  be  extracted  by  tbe  magnet,  or  tbey  may  be  dis^solved 
away  from  the  concentmted  ore,  before  it  is  dried,  in  a  drop 
or  two  of  diluted  sulphuric  acid. 

This  method  gives  pi^oper  credit  to,  and  calculates  from  ^  the  pre- 
aipiiaie  produced  by  natural  reactio7h%  rathtrr  than  resort  (o  the  more 
tedious  and  difficult  artificial  ^nmiipulaiions^  that  require  much 
more  time^  knowledgt'^  attenthm^  and  expensive  tools. 

Ill  lead  mines  that  yield  other  ores  than  galena,  it  will  be 
frequently  found  Ruffieiently  near  for  the  daily  ivorkiiig  pu^' 
poses  of  the  miner,  not  commercial^  to  first  ascertain  how  muci 
nietaUic  lead  can  be  obtained  from  100  grains  of  a  thoroughly  ^*^^^]l 
aentraied  sample  of  such  ore,  by  crucible  assay ;  and,  instead  ^^* 
using  the  former  multiplier  for  galena,  to  subsiiluie  the  one  th^^ 
created  for  his  individual  purpose,  to  ascertain  the  produce  *^* 
such  particular,  yet  sufficiently  equable,  oren. 

There  are  no  very  easy  and  reliabk  methods  for  assaying' ' 
lead  ores  by  acids,  etc,  (Huitahle  for  your  purposes),  unle^-^ 
you    have    some    chemical    knowledge,    ond    the    facilitie-i 
aflbrded  by  a  laboratory ;  and,  seeing  that  the  above  mot^^ 
appropriate  methods  are  always  at  hand,  it  will  be  unneces--^ 
sary  to  describe  any  of  the  purely  chemical  ones. 

The  percentage -calculating  lever,  illustrated  by  Cut  81, 
Chapter  X,  under  the  heading  for  *^Assaj/ing  of  Copper  by  the 
Common  Blow-pipe^'^  will  lie  very  useful  for  general  practical 
purposes,  as  it  suits  any  weight  of  ore  taken  for  assay,  when 
the  resultant  button  is  balanced  on  the  lonsj:er  end. 
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CHAPTER   IX. 


ASSAYING   OP  ANTIMONY. 

1.  By  CauciBLE. — There  are  many  uncertain  fluxes  used  for 
assaying  antimony,  and  one  that  is  more  efficient  and  trust- 
iB^orthy  than  all  others ;  its  only  disadvantage  being  that  it  is 
aomewhat  more  costly  and  scarce.    I  have  endeavored  to 
reduce  the  number  of  the  fluxes  as  much  as  possible,  and  to 
simplify  the  operations  of  assaying,  when  certainty  and  effi- 
ciency are  not  endangered;  and  as  this  flux  greatly  favors 
these  intentions,  by  often  reacting  in  a  manner  not  only  pecu- 
Kar  to  itselfi  but  superior  to  all  others;  the  trifling  difference 
of  its  cost  should  be  no  barrier  to  its  use,  where  it  is  pre- 
eminently serviceable  in  so  many  instances.     For  your  occa- 
tdonal  purposes,  even  this  disadvantage  is  much  modified 
from  the  fact,  that  the  larger  assortment  of  many  others,  are 
thus  rendered  unnecessary. 

To  100  grains  of  the  intimately  mixed  pulverized  sample, 
add  800  grains  of  cyanide  of  potassium,  when  the  ore  is 
nearly  pure,  or  in  proportion  to  what  there  is  in  the  sample 
(which  may  be  ascertained  by  water  concentration  and  calcu- 
lating scales,  on  the  antimony  line,  at  page  224,  as  it  happens 
to  agree  with  nitre);  and  it  may  be  then  thrown,  in  mixed 
condition,  into  a  crucible,  and  placed  in  a  moderately  hot 
fire;  the  crucible  should  be  watched,  and,  in  ten  minutes 
after  it  has  arrived  at  a  red  heat,  it  may  be  withdrawn  from 
the  fire,  and  quickly  poured  into  an  iron  mould,  or  allowed 
to  get  cold  in  its  place,  when  it  can  be  extracted  by  frac- 
taring  the  crucible,  and  then  weighed  for  its  percentage. 

2.  When  Galena  is  also  Present — It  must  be  fluxed  in 
proportion,  as  at  page  290,  for  the  ratio  of  both  metals; 
Bmelted,  and  calculated  for  each  as  there  directed. 
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3.  The  Assay  of  Antimony  by  Blow-pipe — Is  not  reliable 
when  pure  autimonial  ore  is  treated  ;  but,  wbeii  iiiixed  some- 
what with  lead  as  an  alloy,  it  may  be  then  reduced  as  ajt 
page  292,  under  "Lead  and  Antimony/'  m 

4.  The  Assay  of  Antimony  by  Machine— It*  not  practical, 
any  more  than  by  common  blow-pipe,  only  when  mixed  with 
considerable  lead;  forwhieh  see,  at  page  292,  for  hucIi  alloy. 

5.  Assay  of  Sulphlret  of  Antimony  by  Water.  —  When 
free  from  other  minerals,  it  may  be  concentrated,  as  fiilly 
described  at  page  130,  and  under  heading  4,  page  293,  for 
the  "Lead  Assay;  '*  dried,  also,  as  shown  by  Cut  28;  and  the 
percentage  of  metal  may  be  known  by  multii>lying  it  by  .73. 
Li  working  a  mine,  any  peculiar  multiplier  may  be  also 
ob tallied  as  under  leod,  for  approximate  workiner  pui^ioses* 

So,  also,  for  such  approximate  practical  working  purposes, 
on  the  same  mine,  fi'om  similar  ores,  advantage  may  be 
taken  from  its  extraordinary  volatiliisation  under  the  action 
of  heat,  and  compariaons  from  actual  assays  may  be  made, 
and  tabled  for  reference  when  required ;  thus,  if  a  sample 
of  100  grains  of  sulphuret  of  antimony,  of  known  crucible 
assay  percentage  of  met4il,  after  having  been  placed  in  a  pre- 
viouBly  balanced  or  weighed  clay  scorifier,  crucible,  or 
roasting-cup,  should  diminish  in  weight,  after  say  twenty 
minutes'  roasting  in  a  stove  or  other  fire,  at  a  red  heat,  a 
certain  percentage;  it  will,  when  tabled  in  another  column^ 
opposite  the  real  assay,  serve  as  an  approximate  guide  for 
future  occasions. 


I 


Tnr:  Humid  Assay  of  Antimony — Can  be  correctly  per- 
formcc]  but  by  the  experienced  chemist,  with  pimple 
acilities, 
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CHAPTER    X. 


ASSAYING    OF   COPPER. 

The  methods  both  for  sampling  and  assaying  copper  have 
l>een,  to  a  great  extent,  dictated  by  the  smelters,  who  have 
l>een  dealing  with  the  miners  very  much  in  their  own  way; 
and  therefore  the  "produce/'  or  percentage,  is  governed 
more  by  conventional  minimum  modes  than  by  the  real  quaniiti/ 
of  copper  in  the  ores. 

1.  The  Assaying  of  Copper  in  Crucible,  by  the  Cornish 
Method — Is  recognized  by  all  the  smelters,  and  may  be  per- 
formed with  the  following  fluxes,  in  the  manner  described. 

Common  salt,  in  its  damp  state. 
Common  salt  perfectly  dried  hy  heat, 
Fluor  spar. 
Lime. 

Borax.  {^^ Borax  glass''  is  much  better,) 
Nitre.  (Nitrate  of  potassa,  or  saltpetre.) 
Charcoal. 

Tartar.    (Cream  of  tartar,  or  argoL) 
Sulphur,  and  sulphurct  of  iron,  free  from  copper. 
White  flux. 
All  of  these  must  he  pulverized. 

The  latter  you  may  prepare,  when  required,  by  mixing  six 
tablespoonfuls  of  tartar  with  four  of  nitre  and  one  of  dry 
common  salt,  in  a  mortar;  and  then  stirring  them  for  a  few 
minutes,  with  a  red-hot  iron  bar. 

Those  who  would  become  acquainted  with  all  the  several 
details  of  the  varied  mechanical  manipulations  and  chemical 
reactions  produced  in  the  Cornish  method  for  the  crucible 
assay  of  copper,  may  consult  the  elaborate  description  con- 
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taiued  in  the  large  work  on  Metallurgy,  written  by  John 
Percy,  M.  I).,  F.  K.  S.,  Leetiiref  oa  Metallurgy  at  the  Govern- 
ment School  of  Mines,  Loudon ;  wliilst  the  following  will 
suit  tiie  rcijuirement  of  the  miner. 

Pri»imre  and  pulverize  the  (hncd  sample  for  average,  in  the 
niainier  deBeribed  in  Chapter  I,  Section  III,  noting  the  upper 
side  of  the  sieve  for  fliittened  disks  of  metallic  copper, 
which,  if  found,  must  be  calculated  neparately,  as  previously 
described  for  gold,  silver,  etc.,  from  the  whole  weight  of  the 
sample;  or  thus:  If  say  1900  graina  of  .sample  yielded  23 
p^ins  of  such  copper,  what  ratio  would  100  grains  (or  any 
other  quantity  taken  for  assay)  have  yielded?  Which  may 
be  known  by  multipljHng  the  weight  of  23  grains,  thus 
obtained,  by  the  100  graina  (or  any  other  weight  taken  for 
sample),  and  dividing  tliis  result  of  2800  grains  by  11*00 
grains,  tlie  total  quantity  from  which  the  disks  were 
^obtained;  and  an  in  this  case  it  equals  1.21   percent,  and 

js  tlic  assay  that  much,  it  must  be  added  to  the  percentage 
obttti^ied  fi'om  what  did  pass  through  the  sieve. 

To  do  away  with  all  these  tedious  collateral  manipulations, 
calculations,  etc.,  unless  the  copper  is  in  excess,  I  prefer  to 
completely  dissolve  the  copper  thus  deri%^cd,  in  a  minimum 
quantity  of  sulphuric  acid;  and  then,  after  diluting  the  solu- 
tion a  thousand  fold  with  water,  to  scatter  the  solution  drop 
by  drop  throughout  the  whole  pile  of  ore,  before  it  is  dried 
(so  that  one  drying  may  suffice);  then  to  welt  mix,  both 
before  and  after  drying,  ere  the  sample  is  weighed.  The 
more  equable  result  obtained  is  of  greater  consequence  than 
the  very  sliglit  error  occasioned  by  the  weight  of  the  few 
drops  of  acid  thus  added  to  the  whole  pile,  which  can,  how- 
ever, be  allowed  for,  if  necessary,  by  tiiking  the  proper  ratio 
of  ore  in  addition,  when  weighing  for  the  assay.* 

An  excess  of  the  quantity  required  for  assay  must  be 
taken,  and  dried  at  212^^,  the  boiling  temperature  of  water, 
BO  as  to  have  sufficient  surplus  for  repetition  of  the  assay,  in 
case  of  accident,  aiul  tor  preliminary  examination  by  watar 
(as  previo'ialy  described  in  Chapters  UI,  IV,  and  V,  SeclioQ 

*In  gold  and  silver  Assays,  the  fcirraer  mAy  be  ihiig  diasolved  by  two  drops 
of  bydro'Chloric^  and  one  of  nitric  acid  :  and  the  latter  by  nitric  acid,  tben 
diluted  ftud  intimately  mixed  witb  the  whole  aiunple,  in  a  siratl&r  maitaer. 
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m,  on  ^^Discrimination  of  Minerals  for  Practical  Purposes," 
etc.),  to  ascertain,  in  this  case,  whether  it  belongs  to  the  class 
of  copper  ores  denominated  by  Cornish  assayers  the  '^Raw 
Sample,"  which  contains  little  or  no  sulphur;  or  to  those 
called  by  them  the  "Warm  Sample,"  which  contain  much 
sulphur,  and  require  preliminary  roasting. 

The  quantity  of  ore  taken  by  Cornish  assayers  for  the 
assaying  of  copper  is  varied,  so  as  to  obtain  a  button  of  suit- 
able size,  etc.,  whilst  several  of  the  fluxes  remain,  in  conse- 
quence of  this,  about  the  same. 

A  weight  of  400  grains  has  been  chosen  to  represent  a 
suitable  quantity  for  assaying  of  the  poorest  ores,  which 
is  divided  into  hundredths,  and  again  into  eighths  of 
one  unity  of  such  percentages,  to  represent  the  market 
"produce." 

For  ores  under  10  per  cent,  of  copper,  400  grains,  or  their 

100  weight,  is  taken. 
Those  above  10  and  under  30  per  cent,  of  copper,  200  grains, 

or  their  50  weight,  is  taken. 
Ores  that  exceed  30  per  cent,  of  copper,  100  grains,  or  their 

25  weight,  is  taken. 

And  it  may  be  as  well  for  you  to  do  the  same. 

It  is  then  performed  by  six  or  seven  separate  operations,  as 
follows. 

A.  Roasting  to  Expel  the  Sulphur. — Weigh  the  dried 
sample,  and,  if  it  requires  roasting,  place  it  in  a  crucible 
about  four  inches  high,  so  that  the  ore  may  have  sufficient 
room  for  being  stirred,  without  causing  it  to  escape  over  the 
edge.  Warm  it  to  red  heat,  stirring  continuously  with  a 
small  rod  of  iron;  the  mouth  of  the  crucible  should  be 
slightly  above  the  fuel,  and  inclined  away  from  the  draught- 
hole  that  leads  to  the  chimney,  so  that  the  air  may  more 
readily  enter  and  oxidize  the  ore. 

The  roasting  may  be  completed  in  from  fifteen  to  thirty 
minutes;  and  if  it  has  an  earthy,  pulverized  appearance,  it 
has  been  effectually  performed;  but,  if  such  has  not  been 
accomplished,  another  sample  should  be  substituted,  for 
better  realization  of  such  desideratum. 
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B.  Fusion  for  Kegulup.* — The  iinroastetK  or  this  roasted 
flaniple,  may  be  intimately  mixed,  mid  fu80<l  in  the  same  cru- 
cible, with  equal  weights  of  borax  glass,  fluor  spar,  and 
elackod  lime,  thon  covered  by  a  layer  of  common  salt. 

After  the  cniciljle's  contents  have  become  thoroughly  moltm 
cU  a  hiffh  kmperature,  when  treating  an  iinroastcd  sample  of 
very  low  grade  copper  pyrites,  a  little  nitre  should  be  added ; 
so,  also,  when  the  raw  sample  does  not  contain  any  sulphur, 
about  20  gruiuH  of  Bulpliiir  may  l>e  added^  to  liavc  sntHcient 
present  to  produce  a  good  regulus;  then  a  little  lime,  floor  ■ 
spar,  and  borax,  are  again  added,  and,  wlieii  thorouglily  fused 
to  fluidity,  the  contents  mnat  be  poured  into  the  button 
mould;  and,  as  soon  as  it  has  solidified,  the  mould  is  ■ 
empticfl  into  a  shallow  water-trough,  to  remain  until  the 
adhering  slag  can  be  tlie  more  readily  separated  from  the 
regulua.  The  regulus  should  contain  from  ftjrty  to  seventy 
per  cent  of  copper,  and  be  of  a  bluish  bronze  color,  with 
consideralde  metallic  lustre;  but  neither  too  dull  nor  too 
bright. 

This  button  of  regnlus  must  be  very  finely  pulverized  in  a 
mortiir,  witli  a  little  charcoal  or  coke,  care  being  taken  that 
none  h  lost,  either  over,  or  by  sticking  to»  tlic  mortar;  then 
transferred  to  another  similar  sized  crucible,  for  re-oxidation 
by  eecoodary  roasting* 

C.  RoASTiNU  THE  Regulus — ^Is  ctlbcted  by  placing  the 
crucilde  on  the  fire,  warming  it  gradually  during  continual 
stirring  with  a  steel  or  iron  rod,  for  about  twenty-tive  min- 
utes, until  it  shows  an  earthy  appearance,  and  all  sulphurous 
fumes  have  ceased, 

D.  Smelting  of  the  Sulpuide  Eeoulus  for  Impure  Cop- 
per.— Mix  (in  the  same  crucible)  with  this  ''roasted  regulus" 
25  grains  of  nitre  (nitrate  of  potash,  or  saltpetre),  25  grains 


*  In  fluxing  for  reguhis,  the  effects  Bought  are  a  fusible  pUjj  (produced  by 
borax  and  Cluur  spar),  which  shall  iilso  conlaiti  the  copper,  etc.,  when  uxidii^ecl 
amd  fused  to  giilphide  forois ;  hence,  the  nddition  uf  sulphur,  or  sulphurets 
of  irotit  to  certain  ores,  Ihat  do  not  conUiin  sulphur  iu  iheir  natural  couf^Jilu- 
tioDAl  forms. 

The  liuie  facilitates  the  separation  of  th3  lighter  slrutura  of  the  sing  from  the 
regotus. 
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of  borax,  15  grains  of  coal  powder,  100  grains  of  dry  salt, 
and  200  grains  of  tartar.  Cover  this  mixture  with  a  table- 
spoonful  of  common  salt. 

Place  the  crucible  in  the  fire,  cover  it  with  a  piece  of  coke 
or  charcoal,  and  heat  it  as  quickly  as  possible,  for  about 
fifteen  minutes,  or  until  perfectly  fluid;  then,  after  adding  a 
little  white  flux,  to  oxidize  the  foreign  metals,  and  allowing 
it  to  remain  a  few  minutes  longer,  it  must  be  removed  from 
the  fire,  a  quick  circular  motion  given  to  its  contents,  to 
wash  any  globules  of  copper  from  its  sides,  lightly  tapped  on 
"the  furnace,  so  as  to  precipitate  them  to  the  larger  button  at 
the  bottom,  and  then  poured  rather  hastily  into  the  previ- 
ously greased  iron  button-mould;  and  the  crucible  returned 
tx)  the  fire  for  the  next  stage  of  the  assay,  that  of  the  further 
oxidation  of  the  associated  metals,  called  "Washing."  * 

E.  "Washing,"  or  Fusion  with  Fluxes. — The  impure 
T)utton  from  the  smelted  regulus  is  now  placed  in  the  white- 
liot  crucible,  for  the  further  riddance,  by  oxidation  and  chlo- 
rination,  of  the  associated  metals,  by  the  assistance  of  100 
grains  of  white  flux  and  200  grains  of  dry  salt. 

It  should  now  remain  perfectly  fluid  for  five  or  six  minutes, 
and  be  again  quickly  poured  into  the  iron  mould,  for  further 
examination  by  hammer,  etc. 

It  should,  when  brushed  clean,  be  comparatively  pure,  or 
this  "washing"  must  be  repeated. 

F.  Repining  the  "Washed "  Button. — It  is  first  cleaned, 
then  hammered  thin;  if  it  is  hardy  tin  is  still  associated  there- 
with ;  if  it  cracks  around  the  edges,  antimony ;  and  if  in  the 
least  yellow,  zinc.  If  of  undoubted  color,  softness,  and 
tenacity,  it  may  be  now  weighed  for  percentage;  but,  other- 
wise, a  clean  crucible  must  be  properly  fixed  in  the  fire,  until 
it  becomes  whiie-hoiy  and  the  button  placed  therein  and  care- 
fully watched.  It  should  quickly  melt,  to  a  hazy  semi- 
globular  shape,  but  immediately  the  edge  loses  this  appear- 

*  In  this  operation,  the  salt  rendered  the  mass  fusible,  and  formed  volatile 
chlorides;  the  borax  served  as  a  flux ;  the  nitre  passed  off  the  sulphur;  the 
Urtir  and  coal  powder,  by  forming  carbonic  oxide,  reduced  all  the  oxidized 
copper  to  metal ;  when  the  addition  of  white  flux  passed  off  the  other  associ- 
•ied  metalf  bj  subsequent  oxidation. 
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ance,  and  becomeB  moBt  distinct  in  outUne^  and  the  centif 
shows  a  dark  variegated  iippearance,  an  equal  (previously  pre- 
pared) mixture  of  50  grains  of  white  flux  aud  dry  salt  must 
be  promptly  added,  and  in  about  live  minutes  the  molten 
contcntis  may  be  poured  into  the  iron  mould,  when  the  button 
should  stand  all  the  teats  for  pure  copper,  aud  be  weighed  for 
percentage. 

G.  All  the  waste  Blags  are  Saved  from  these  Several 
Fusions,  akd  Ke-smelted — In  a  suitable  sized  crucible,  for 
fifteen  minutes,  with  100  grains  of  tartar  and  20  grains  of 
pulverized  coal  or  charcoal;  it  is  then  poured  into  the  mould, 
and  the  copper  again  refined  w^hen  necessary,  and  the  weight 
of  this  '* prill"  added  to  that  from  the  assay  proper. 

The  kinds  and  quantities  of  the  fluxes  given  are  for  gen- 
eral application,  rather  than  for  varying  percentages ;  for 
w^hieh  some  w^ould  have  to  be  increased  and  others  dimin- 
ished as  occasion  required,  so  as  to  economize  fluxes,  etc,  to 
suit  the  evitr- varying  ores. 

It  will  be  almost  impossible  for  an  amateur  to  become 
very  pix>ficient  in  this  matter,  beyond  the  practice  of  vary- 
ing the  weight  of  the  sample  taken  for  assaj',  according  to 
the  percentage  of  the  6Uppose<l  metal  in  the  ore,  which  a 
practiced  eye  can  closely  approximate.  The  Cornish  assayerB, 
although  working  entirely  upon  the  7mr€  simple  eopptr  orcSy 
each  day  of  their  lives,  do  Imt  approximate  to  rigidly  accu- 
rate quantities;  as  too  much  time  would  be  required  in  calcQ- 
lations  and  weighings  tor  more  exact  chemical  proportions. 

In  fact,  this  comprehensive  manner  of  assay  alone  per- 
mits such  irregularity,  when  the  Jiuxes  are  in  excess^  for  the 
following  reasons. 

The  roasting  partially  desulphurizes;  the  several  fluxes 
used  for  producing  greater  fusibility  are  otherwise  harmless^ 
even  when  in  excess;  the  sulphide  slag  is  directly  produced 
by  the  uncontmlled  strength  of  the  sulphur's  affinity  for 
copper,  etc.;  the  oxidating  fluxes  are  prevented  from  wasting, 
by  the  excessive  quantity  of  the  reducing  fluxes  that  are 
used:  the  manipulation  is  therefore  more  likely  to  cause 
error  than  the  fluxes. 

The  upper  part  of  the  furnace^  under  the  cover,  H  (as  illufi- 
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trated  at  page  229),  is  also  adapted  for  this  cupper  as&ay,  and 
tLe  mufflea  can  be  used  for  roasting  as  well  as  for  assapnir 
co[>per  by  the  German  mode. 

Beyond  the  deplorable  fact  that  this  Coniish  method  of 

lying  copper  is  demanded  by  the  smelters,  and  that,  apart 

\fipont  the  //wxf^j  it  somewhat  resembles  smelting  on  the  large 

scale,  there  can  be  no  other  reason  for  favoring  or  retiiining 

such  a  tedioos,  difficult,  expensive,  unsatistactory,  and  low 

percentage  method  for  assaying. 

2,  Assaying  Copper  by  the  German  Method.  —  This,  the 
&vorite  means  use*!  in  Central  Eornpe  for  the  lire  estimation 
of  copper,  having  less  smeltings,  etc.,  is  more  speedily 
accomplished ;  and  as  it  can  be  entirely  performed  in  the 
mutfle,  withi»ut  the  slightest  ineonveuienco,  instead  of  the 

I  open  fire  (which  requires  constant  attendance),  not  only  a 
mnch  greater  number  of  assays  can  he  made  in  the  same 

-time,  but  the  operations  ai*e  seen  to  progress  in  a  i»erfectly 
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Fre»ch. 


CornlBli, 


regular  manner,  immediately  under  the  eye  of  the  assayer; 
and,  whiUt  it  is  more  irnthfiil  in  comparative  results,  the 
exaction  of  the  percentage  of  copper  approaches  much  closer 
to  tlie  real  quantity  of  metal  that  the  ore  ciintains. 

Tin*,  general-purpose  furnace  illustrated  at  page  229  will 
be  found  very  convenient  for  this  purpose,  and  either  stone- 
coal*  coke,  or  cliarcoal,  may  l*e  used;  which  must  he  regu- 
larly supplied  at  the  top  with  the  greater  portion  of  the  fuel, 
to  keep  it  at  about  four  inches  helow  the  cover,  l¥;  whilst  a 
little  should  be  put  through  the  hole,  F,  under  the  muffles, 
to  regulate  the  heat  as  requirerl.  Cut  29  illustrates  the  cru- 
cibles that  are  adapted  for  this  assay. 
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The  vessel  best  adapted  for  this  assay  is  the  expressrS 
shaped,  barrel-sided,  expanded  bottomed  German  crucible- 
which  stands  more  safely  in  the  muffle,  whilst  the  bottom  ol 
an  old  enieible,  when  broken  at  the  cojitraction  jxist  above  th^^ 
bottom,  when  inverted^  serves  most  effectually  for  covering  the^ 
next  assay.     The  short,  capacious  Cornish  crucible,  that  i^ 
supplied  with  an  especial  cover  for  close  assays,  will  also 
answer  very  well  for  this  purpose;    or  the  French  general- 
purpose  crucible,  that  is  also  shown  on  the  right  of  the  scori- 
fier,  on  the  front  of  the  furnace,  at  page  229,  where  the 
wooden-handled  iron  button-mould,  the  tongs,  and  the  spring- 
clip  lie. 

This  process  is  divided  into  three  separate  fire  treatments, 
and  those  are  '^Koasting,''  ''Smelting  for  Impure  Cupper/' 
and  '^Rclining,'* 

The  following  fluxes  and  substaucea  are  required  for  this 
mode  of  assay. 

Graphite ;  or  charcoal,  pulverized. 

Common  glass,  pulverized. 

Borax  glass^  pulverized. 

Common  salt,  dried  and  pulverized. 

Arsenic  {metallic). 

Lead  (granulated). 

Black  flux. 

The  last  may  be  prepared  by  miinmkly  mixing  ons  measure 
of  pulverized  nitre  to  tioo  measures  of  pulverized  crude  tartar, 
and  stirring  them  with  a  red-hot  iron  wire,  in  a  clean  and 
capacious  warm  crucible, 

A.  Roasting.  — As  a  smaller  quantity  (60  grains)  is  taken 
tor  the  Gcnnan  than  for  the  Cornish  assay,  just  described, 
you  should  [ircpare  your  sample  with  even  greater  care,  so 
that  it  shall  be  homogeneous,  by  the  directions  given,  in 
detail,  in  Chapter  1  of  this  Section. 

The  same  precautions  being  taken  about  metallic  copper 
as  have  hc^n  fully  described  at  page  298,  for  the  '*  Cornish 
Assay  of  Copper,*'  you  may  weigh  out  60  grains  of  dried 
ore;  mix  it  with  15  grains  of  graphite,  and  spread  it  over  a 
scorifier  or  roasting-cup  (which  has  been  pre\iou8ly  rubbed 
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'With  red  chalk,  or  amearod  with  red  oclire,  to  prevent  the  ore 

aticking  tlieret-o);  ttieii  place  this  one,  or  more  of  t^uch,  in 

fcbe    muffle   or  mtiffles,  and  carefully  roast  for  fifteen  niin- 

itea,  stirring  it  nearly  the  whole  time  with  an  iron  wirej  if, 

>n    removal,  the   ore   etill   Amelia  of  anlphur,  it  must  be 

re-pnlveri^ed,  mixed  with  15  additional  grain**  of  graphite, 

itid  he  again  roasted. 

When  this  has  heen  well  performed,  the  sample  appear* 

[earthy,   and   is  t^itill   fine;   bnt,   otherwi|e,   it  hm   a  coarse, 

[clodded,  sjhiggy,  or  metallic  appearance;  and  cither  the  rttir- 

liitig  has  been  neglected,  or  it  haa  exceeded  the  low  red  heat 

[that  ia  alone  adapted  for  this  operation,  with  some  fnsihle 

fissocia^cs,  us  antimony,  lead,  etc.;  and  should  be  discarded 

for  repetition  on  anodier  sample, 

'  CnC  30t 


Those  who  would  study  and  practice  exact  eeonomica 
fluxing  will  find  the  Ratio  Caleulatrir  of  (>ut  30  very  efficient- 
The  base  line  should  he  divided  into  100  (or  uny  number  o* 
anits  taken  for  the  assay),  and  the  perpeudicnhir  into  500 
units,  for  the  great-eat  quantity  ever  required  of  any  of  the 
fluxes;  eo  that  when  the  swivelled  hy{»otljenusc  ih  nmved 
down  (as  shown  by  the  dotted  lines)  to  the  desired  quantity 

I  of  flux  for  the  whole  amount  of  the  assay,  a  vertical  line 
from  the  actual   concentrated  quantity  to  the  liypotlicnujie 

I  Mrill,  when  measured  on  the  end  scale  by  a  compaiss  or  rule 
20 
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l)e  tlie  number  of  grains  required.  Instead  of  measuremeat, 
perpemimilar  and  horizontal  lines  to  ay  be  drawn  from  every 
unit,  so  that  the  eye  may  pass  up  from  the  quantity  of  ore 
ae  shown  on  the  base  line,  to  the  hypothenuse,  and  thence 
along,  by  way  of  the  horizontal  Hoe,  to  the  exactly  suitable 
quantity  on  the  vertical  scale  at  the  end. 

B.  SMBLTrNG  FOR  IMPURE  CoppER.— The  Sample,  having 
been  thus  ridded  o^  the  more  volatile  sulphur  by  roasting, 
still  contains  the  unaltered  gangiie  with  the  copper,  iron, 
lead,  tin,  zinc,  etc,  in  more  or  less  oxidized  states.  The 
next  ensuing  results  to  be  obtained  are,  the  fusion  of  this 
gangue  into  a  molten  condition,  which  unites  with  the 
oxides  to  form  slag,  by  finely  pulverized  borax  glass,  or 
common  w^iudow  glass;  whilst  the  copper,  being  reduced 
by  **  black  flux,"  is  precipitated  in  a  metallic  shower  to  tbe 
bottom  of  the  crucible,  to  form  the  one  button  of  *' impure 
copper." 

Take  either  of  the  crucibles  alluded  to,  as  shown  by  Cut 
29,  of  as  large  a  size  as  the  muffle  will  fi'eely  I'eeeive,  and 
treat  the  roasted  sample  in  the  following  manner. 

Carefully  transfer  the  whole  of  the  60  grains  of  roasted 
ore  into  a  mortar,  and,  after  adding  thereto  60  grains  of  black 
flux,  they  must  be  finely  pulverized,  intimately  mixed,  and 
then  placed  in  the  bottom  of  the  crucible.  Upon  this  mix- 
ture place  a  layer  of  120  grains  of  black  flux;  then  another 
layer  of  25  grains  of  common  glass;  and  still  another  of  15 
grains  of  borax  glass ;  these  are  again  covered  by  a  teaspooa- 
ful  of  common  salt;  then,  a  half-inch  cube  of  charcoal  being 
placed  on  top,  the  cover  is  put  on,  and  the  crucible  is  placed 
into  the  moderately  hoi  muffie^  and  renf  gently  heated  for  some 
ten  or  fitlteen  minutes,  as  the  first  action  would  otherwise 
boil  some  of  the  contents  over  the  crucible,  and  cause  a  loss^ 
This  stage  being  safely  got  over,  the  mufile  may  be  heated 
to  whiteness  for  some  thirty  minutes  longer,  when  it  must  be 
removed  from  the  fire,  and  after  being  lightly  tapped,  to 
settle  the  metal  to  the  bottom,  allowed  to  get  cold,  when  the 
button  may  be  obtained  by  breaking  the  crucible. 

The  surrounding  slag  should  not  be  red^ — which  would  be 
caused  by  copper — but  brittle  and  dark  green;  nor  should 
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tfte    metallic  button 
sulphides.* 


be    encrusted   with    unreduced    dark 


CL  RBFiiaNO  TBis  Smeltbd  Button. — This  procegg  it* 
Intended  to  pn^duce  the  same  effectB  as  the  refiriage  in  tJie 
Oorniah  mode ;  but  it  is  done  in  a  very  different  manner,  with 
lK>rax  alone,  which  forms  a  slag  with  the  other  base  metul^ 
tiiftt  oxidixe  sooner  than  copper;  80  that  if,  at  the  *^at( 
meni  when  the  last  one  of  these  haa  just  departed,  fh© 
tton  be  withdrawn  from  the  muffle,  it  will  i^tain  nearly  all 
tilie  copper  that  the  sample  contained, 

A  small  piece  of  the  side  of  an  old  crucible,  that  has  guit- 

Sfcble  concavity,  and  suiHcient  stability  to  retain  its  position, 

i^  placed  in  the  muffle^  and  brought  to  a  white  heat  by  being 

partially  covered  with  a  piece  or  two  of  charcoal,  whilst  the 

iiirnace  fire  is  simultaneously  urged  to  the  necessary  degree 

of  heat  to  readily  melt  copper. 

The  button  that  is  to  be  purified  is  wrapped  in  a  small 
I>  iece  of  strong  paper,  with  its  weight  of  borax  glass,  and  by 
^  be  aid  of  tongs  (^een  on  the  right  of  the  furnace,  Cut  20» 
M^  *ge  229) — or,  betier  and  safer  ^  by  the  self -closing  spring  for<x^ii, 
fcXuat  lies  on  the  left-hand  side  of  said  furnace — it  must  be 
K> laced  in  the  concavity  of  this  white-hot  crucible  side,  jubt 
^-^i^here  it  can  be  most  distinctly  seen.  The  door  of  the  mutfli 
tX  me  bricks,  endwise,  instead  of  doors)  must  be  left  open, 
^•^>  that  a  current  of  hot  air  may  pass  over  the  button,  iu 
^^addixe  the  objectionable  metals. 

Shortly  after  fluitlity  is  attained,  the  characteristic  wavingS 
r»r  various  colors  will  be  seeb;  then  it  will  have,  for  a  few 
^CL'ondu,  a  greenish,  pearl-like  appearance,  and,  if  the  niutfle 
11  luaufBciently  hot,  it  becomes  solid  (as  pure  copper  nielta 
bat  at  a  certain  higher  degree) ;  or,  when  the  heat  is  above 
ilie  melting  [loint,  it  assumes  a  mirror-like,  fixed  surface,  and 
tliould,  in  either  case,  be  immediately  withdrawn  from  the 
affle,  and  slowly  cooled  by  gradual  immersion  in  wator. 
The  copper  button,  being  now  extracted  from  the  ^lag, 

•  Wtim  Ul«  ore  10  rich  in  copper,  and  entirelj  free  from  leadi  la  AilJitioa  Ut 
boims  ftiid  oamtnon  gUfse^f  About  lu  gralna  of  metallic  arsenic  maj  t>e  udvan* 
um^OMlx  u«ed  for  the  pruduction  of  stiU  more  fuflbte  slag,  aad  the  precipitn* 

lit  in  of  aH  ih»>  i'dtMicr, 
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t?ihould  have  copper-like  hriglitnuss,  with  a  ;mi<x»th,  voujid^ 
tiiirlace,  and,  when  hammered  or  rolled  very  thin,  he  so  9of^ 
malleable,  and  tough,  that  the  peripherj'  of  the  disk  shall  nC^ 
expose  in  the  least  degree,  when  examined  by  s>  leiie,  %Vf^ 
cracks,  or  appearance  of  approaching  fnietiires.  The  wmy^^ 
in  ffraiuSy  maitiplied  hj  10  and  divUled  by  6,  will  giTe 
percentage  of  copper  in  the  ore,* 

3.  AiSSAYiNo  Copper  by  the  Common  **  Mouth  Blowt- 
PIPE," — This  is  the  most  easily  obtained  itinerant  niean:^  for 
the  estimation  of  the  percentage  of  copper  fi*om  its  ore»,  for 
those  who  have  obtained,  from  long  pmetice,  the  necessary 
manipulative  skill  to  product?  correct  results. 

It,  however,  in  this  country,  costs  alx>ut  $100  to  provide 
the  necessary  tools  for  its  accomplishment,  by  the  mode 
described  by  Proi^ssor  Flattner  and  Dr.  Sheridan  Muspratt, 
in  their  large  work  on  ''The  Qualitative  and  Quantitative 
Examination  of  Minerals,  Ores,  Funmce  Produetsiv  mmI 
Metals^  by  Blow-pipe;"  a^  well  as  the  instnictions  given  by 
the  other  sul>seqiient  authors,  who  have  but  repeate<l  these 
fep-tetched  elaborations;  so  that  the  poor  amatenr  is  entirely 
excluded  fiv^m  the  little  blow-pipe't^  wonderliilly  great  advan- 
tages, from  mere  want  of  funds.  To  such  (who  inhould  be 
studied  and  respected  none  the  less  because  of  struggliog* 
honest  poverty),  I  submit  the  following,  for  practice,  to  ena- 


♦  The  worst  features  Id  this  metliod  are,  ibat,  in  onttiMi^  intifBf s^  Ttty 

cracible?  bavo  to  be  used^  with  consklemblc  nimutHiea  of  the  Cluies,  91 

thf  bhick  flax  of  the  Iftlicr,  from  mpid  actiou,  free | r leu tl)'  efferve^cts  orer  Iko 

edge  of  iIuli  f&niiier,  iind  conseiiuetil  errors  are  thereby  occasioned. 

For  theso  re^asorif.  f  tmve  found  il  much  better  to  wsq,  with  the  same  qoantilj 
of  the  fusible,  ffa^'/ormutff  fluxes  (of  commoD  and  borax  gltiapes)^  hot  half  tbe 
qaftOlitj  of  tbc  '*  black  reducing  flux/'  »Drl  to  TJkry  tbe  weight  of  the  EUimplii 
t&ken,  according  to  Ibe  percentiAge  of  copfvpr  in  tbi3  ori\ 

For  all  ores  At  about|  or  uuder,  2&  per  cent.,  tnke  the  rult  fiO  graiDs. 
it  M  u  u        5Q         u  u  ^jnlj  40       " 

u  ii  «  i4  75  n  u  (jnly   20        " 

The  percentage  of  metal  may  be  tSeu  as  reiidily  known  by  multiplyii^ 
reipectivc  wcigbta  of  tbe  buttons  derived  from  chcIi  by  10  und  dividing  by  6| 
by  4^  IV lid  bv  2. 

By  this  percentiige  of  metAl  change,  100  grains  may  be  aa  eflTectoally  tremttd 
for  the  mnziiiiuni  quantity,  etc.,  as  the  00  grains  Are  by  the  above  tseoeial 
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manner. 
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^le  them  to  arrive  at  results  tliat  will  be  frequently  fomid 
■psufficieDtly  near  for  approximate  praotical  purposes?.     (Those 
■"^rho  cau  aftbrd  the  necessary  outlay 
vnay  refer  to  the  first  named  work, 
"for    the    eonimeiLsurately    advantu 
^eous  mstructioMs  therein  eontained, 
regarding   modes  for  manijiiihition, 
tool*,  etc.,  etc.) 

Tlie  cheap  and  efficient  common 
tin  blow-pipe,  with  brass  no35zle,  sug- 
gested by  Dr.  Black,  is  all  that  you 
will  be  compelled  to  buy, 

I  A,  Make  a  Balance  pou  AVeigh- 
iNa  TUE  Sample  AND  Calculating  its 
pBRCEXTAGfi  OF  Mktal — By  cutting 
E  fttrip  from  the  side  of  a  perfectly 
dry  cedar  cigar- box,  about  three- 
eighths  of  an  inch  wide,  exactly  par- 
allel from  end  to  eml,  and  the  tbick- 

m  oesg  of  the  wood.     Divide  its  upper 

^  side  with  a  compass  just  exactly  like    ^^^^^^^^^m  -i 
thai  8hown  by  Cat  81,  by  keepiug    ^^^^^^^^|  fl 

Pthe  one  leg  alw^ayn  ou  the  second 
mark  from  the  right  hand  (which  h    ^^^^^^^^1h| 
where  the  knife* edged   fiileruoi   is 

Iabown),  and  mea,siiring  and  nitirking, 
by  transverse  notches,  the  resfpei-t- 
ive  distances  therefi'oni  of  each  unit 
of  per  cent.,   from  80  down   to   20;     _^ 
^  which  are  sufficiently  high  for  the    IM 
I  constitutional    percentHages  of  both 
copper  and  lead,  and  as  low  as  can  be 
m  profitably  dispos*ed  of,  without  farther 

■  concentration;  then, after ^ti II  farther 
H  marking  every  ten  (at  90,  80,  70,  60, 

60,  40,  30,  and  20),  down  the  nearer 
_  side  of  the   beam,  it   is   ready  for 

■  having  a  bri>ken  pen-knife  hhule  m- 
Bserted  for  a  fulerura,  in  the  iniuincr 
P  flhown,  and  which  is  secured  in  posi- 
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tioa  by  having  a  short  piece  of  aimilar  wood,  joined,  pa^sted, 
or  pinDcd  down  thereon.     (Twice  tliis  length  is  hettor,  a«  it 


allows  the  whole  distance  to  be  divided  into 
A  pan  may  be  now  cut 


out  with  strong 


units.) 
8ciasoi"s 


from  one 


I 


piece  of  thin  brass,  so  as  to  form  both  pan  and  loop,  with 
holes  through  the  sides  sufficiently  large  to  reeeive  the  small 
wire  hook  that  is  attaehed  to  the  thread  for  that  purpose,  the 
thread  heiog  passed  up  through  a  email  hole  made  by  a  piu 
for  its  reception,  and  w^hich  is  prevented  from  returning  by  a 
small  rounded  knot,  or  it  may  be  made  just  as  it  is  sbow^n. 

Two  iron  or  brass  screws  are  next  to  he  screwed  into  a 
hoard,  at  suitable  distances  apart,  with  their  gaffs  in  line, 
properly  filed  to  V  shape,  bo  as  to  receive  the  knife-edged 
fulcrum  of  the  lever;  another  screw  ib  inserted  opposite  the 
pointed  long  end  of  t!ie  leverj  that  must  now  be  bahmced  by 
cutting,  filing,  or  scraping  away  from  the  pan,  that  is  intm-- 
iionallt/  mmh  too  heavy,  for  this  purpose;  whilst  a  third  lies 
underneath,  to  serve  as  a  suitable  stop  and  rest. 

A  weight  may  be  now  made  (which  should  be  about  one 
grain,  the  quantity  suitable  for  the  month  blow-]>ipe)y  that 
may  be  made  by  cutting  otf  a  piece  from  an  ordinary  sized 
pin,  five -eighths  of  an  inch  long,  marked  W  iu  the  sketch. 
It  need  not  be  exactly  one  grain.  U 

To  weiich  out  tlie  assay,  this  weight  most  be  placed  in  the 
groove  over  the  100  mark  on  the  long  end  of  the  lever  (after 
the  lever  is  correctly  balanced  tb  the  bead  of  screw,  by  a 
short  piece  of  a  liicifer  match  placed  on  either  side  of  th© 
fulcrum,  just  where  it  is  required  for  balancing  the  lever), 
the  pulverized  and  verj'  correctly  averaged  ore  being  then 
placed  into  the  scale-pan  until  the  other  end  returns  to  staucl 
exactly  oppo     e  the  top  of  the  screw. 

Thus,  it  will  be  equal  to  this  weight,  and  when  smelted 
into  metal,  alth  ^ugb  the  actual  weight  of  the  sample  is 
unknown,  its  pereentage  of  metal  will  be  ascertained,  either 
tor  this  or  any  other  quantity  taken  for  assay,  when  rolled  in 
or  out  to  balance  with  this,  the  weight  of  the  assay,  in  the 
pan, 

B.  The  carefully  averaged  sample  may  be  first  weighed 
in  this  manner,  and  transferred  into  either  a  common  sevviug- 
thimble,  or  empty  pistol-cartridge* 
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^the  copper  ore  is  a  sulphuret^  it  must  be  roasted,! 
d,  in  the  absence  of  other  tools,  it  may  be  very  efficiently  j 
^rfbrmed  aa  follows. 

Take  a  piece  of  thin  iron,  or  a  piece  of  tinned  iron  platal 

I  a  aardtne  or  oyeter  can,  frora  which  biini  otT  all  (he  hn^i 

r beating  it  to  redness  in  a  common  or  sage-bush  fire;  eDt| 

a  sqnare  of  one  inch  in  diameter,  and,  by  cutting  a  »nit- 

shaped  recess  in  a  log  of  wood,  hammer  it  with  thel 

onnded  end  of  another  small  Sftick  of  wood  into  tlio  shape i 

the  large  end  of  a  pigeon's  egg,  when  it  will  ^erve  for  a 

Kting^cup. 

take  a  piece  of  charcoal — a  small  branch  of  one  tnok] 
[b  half  diameter  and  about  foar  inches  long  will  answerl 
-and  scoop  out  with  your  knife,  from  the  middle  of  onej 
ftd,  a  conca\*ity  to  receive  the  cup,  so  loosely  that  the  heated  J 
fir  ehall  freely  pass  op  around  it  during  the  roasting,  wbilt 
]1  be  also  kept  clear  from  the  bottom  by  the  four  i«haip1 
I  of  the  sqoare  being  bent  outwards  over  the  top  of  tliej 
etuutoal.    This  being  done,  drill  a  small  tunnel  in  the  sidl 
the  piece  of  charcoal  (with  your  pen-knife  or  a  sharp 
of  hani  wood),  about  a  half-inch  down  from  the  top,  tO| 
imunicate  with  the  bottom  of  this  roasting  pit,  and  yam 
ing  furnace   is   ready  for  kindling.     Kert   place   thi 
sight  in  tlie  m>tch  over  the  mark  50,  and  baknoe  the  levc 
I}'  placing  sufficient  {>owdered  charcoal  in  the  s<^le*ptii  01 
^11  be  twice  the  weight  of  the  assay) ;  transfer  it  to  th< 
binjbk*  or  cartridge,  and  mix  it  thoroughly  by  shaking 
iween  the  finger  and  thumb,  and  place  it  in  the  roajitiiij 
Bp,  and  thence  into  the  furnace.    Light  a  miner* d  eandle^  H 
have  no  blow-pipe  lamp;  or  make  a  lamp^  by  placing  a] 
cartridge  into  a  common  broad-based      «ngular  ink- 
with  the  flange  upwards  in  the  po«ttion  of  the  cork, 
and  drill  or  pierce  a  hole  therein  of  tliree*e%hthM  of  au  tnci 
diameter,  to  receive  a  cotton  wick.     Thi«,  being  luppUi 
olive  oil,  is  now  ready  for  being  lightf^  up  for  um* 
I  With  the  piece  of  charcoal  in  the  left  baud,  the  lamp  on 
»le,  and  the  pipe  in  the  right  liand,  jott  may  blow  thi 
iiole  of  tlitj  flame  from  the  candle  or  lamp  into  the  tunn'tlJ 
lich  will,  by  lighting  the  fire  below  and  around  the  roai«tiri( 
Ip,  quickly  bring  tt  and  its  conteiita  to  a  kiw  and  suitably 
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red  heat,  which  mugt  be  continued  for  some  ten  or  fifteen 
minutes,  excepting  short  stops  of  a  few  seconds  for  stirring 
the  ore  with  a  very  small  strip  of  pointed  wood,  a  needle,  or 
pin.  If  it  still  smells  of  sulphur,  it  must  be  again  roasted 
with  a  little  more  charcoal,  until  sulphur  ceases  to  be 
evolved. 

D.  Smelting  for  Crude  Copper.  —  Tmnsfer  the  tohale  of 
this  oxidized  ore  from  the  iron  dish  into  the  thimble  or  cart- 
ridge, and  after  adding  thereto  the  same  weight  of  carbonate 
of  soda  as  was  taken  of  the  mineral  for  assay,  it  must  be 
intimately  mixed,  and  carefully  pulverized,  without  any  loss. 

E.  Cut  off  a  piece,  about  one  and  a  half  inch  square,  £rom 
strong  letter-paper,  and  plaster  the  one  side  with  a  thin  coat 
of  common  white  soap,  to  within  the  eighth  of  an  inch  of  its 
edges ;  it  must  be  now  made  sufficiently  }rei,  if  it  is  not  already^ 
for  the  mixture  of  the  ore  and  carbonate  of  soda  to  stick 
thereto,  as  it  is  now  lodged  in  an  equal  manner  over  the 
whole  surface  of  the  wetted  soap.  By  placing  some  very 
small  point  of  something,  with  the  loft  hand,  in  the  centre 
of  the  i>aper,  you  must  now  fold  each  corner  towards  and 
down  over  the  centre,  and  then  gather  the  whole  into  a  ball, 
without  extracting  any  of  the  mixture  of  ore  and  fluxes. 

F.  Take  the  same  piece  of  charcoal  as  was  used  for 
roasting  (or  a  similar  piece),  and  cut  or  saw  olt  the  ragged 
and  burnt  end;  then  sink  a  shaft  in  the  end  with  your  pen- 
knife, about  three-quarters  of  an  inch  deep,  and  sufficiently 
large  that  the  assay  ball  iiuxy  fall  to  the  bottom  rather  freely. 
Drill  a  tunnel,  of  about  one-quarter  of  an  inch  bore,  tc^ 
this  shaft,  just  immediately  over  where  the  fluxed  sample 
lies,  and  it  is  ready  for  smelting,  etc. 

G.  You  must  now  be  able  to  blow  in  continuously  fon^ 
some  ten  or  fifteen  minutes,  through  the  tunnel,  the  whol 
mass  of  flame,  at  first  but  gently,  until  the  asv<ay  has  beei 
well  united  together  in  state  of  slag,  si)  that  no  loss  may 
occasioned,  and  then  in  such  a  manner  as  to  produce  tb 
greatest  possible  heat.     The  greatest  heat  is  not  })roduced 
a  strong,  but  rather  a  steady  and  well  directed  mild  blast; 
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^o  not  blow  too  heavily.  The  shaft  may  have  a  few  pieces 
of  charcoal  thrown  in,  of  about  the  size  of  split  peas,  which 
Avill  assist  the  novice,  by  sustaining  the  heat  for  a  moment, 
when  he  may  be  unable  to  keep  up  continuous  blast ;  or  the 
shaft  may  be  nearly  covered  by  a  larger  piece  of  coal,  so  as 
to  increase  the  reducing  effects  of  the  fluxes,  etc.,  on  the  ore. 

It  will  be  seen  that  the  revolution  of  the  assay,  as  described 
under  "Silver''  and  "Lead,"  is  prevented  by  this  method, 
which  matters  but  little  for  copper;  and  it  has  the  greater 
advantage  of  being  an  actually  enclosed  smelting  furnace, 
which,  by  both  retaining  and  producing  heat,  as  well  as  being  . 
in  the  very  midst  of  the  reducing  element  of  carbon,  the 
copper  is  much  more  readily  reduced  from  the  more  molten 
mass,  which  can  be  rolled  from  side  to  side,  or  otherwise 
oscillated  at  the  pleasure  of  the  operator. 

It  is,  moreover,  much  the  easier  in  the  ways  of  manipula- 
tion, fluxation,  blowing,  and  smelting,  for  the  amateur;  whilst 
the  close  fire  and  superior  reducing  flux  obtains  copper  from 
its  refractory  ores,  when  the  open  method  (as  fluxed  by  car- 
bonate of  soda  and  granulated  lead,  and  oxidized  by  boracic 
acid)  fails  to  do  so.     It  will  also  smelt  twice  as  much. 

H.  Refining  the  Coarse  Smelted  Copper. — The  unbroken 
slag  that  retains  the  copper  may  now  be  removed  from  the 
furnace,  and  placed  just  as  it  is  in  a  small  concaxdty,  that  has 
been  cut  with  the  point  of  your  knife  on  the  outside  of  the 
charcoal,  with  about  its  weight  of  borax  glass,  and  fused  by 
the  blue  (oxidizing)  flame  for  some  three  or  four  minutes,  to 
oxidize  the  other  more  volatile  metals  away;  during  this, 
you  should  roll  the  button  about  in  the  slag,  so  as  to  unite 
the  small  globules,  that  may  lie  apart,  into  the  larger  central 
button. 

It  may  be  now  cast  suddenly  off  the  coal  into  a  saucer  of 
clean  water;  then  taken  out,  and  the  copper  button  exam- 
ined for  purity,  as  previously  described  for  "Crucible  Assay,** 
and  re-treated  with  borax,  or  weighed. 

The  slag  may  be  re-smelted,  too,  if  deemed  advisable,  with 
additional  fluxes,  or  examined  by  water  treatment,  as 
explained  at  pages  152  and  153;  and  the  copper  dried^  and 
added  to  the  first  button. 
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L  The  Percentage  of  Metal — May  now  be  ascertaioed 
by  first  balancing  your  calciiluting  lever's  pointer  to  agree 
with  tlie  top  of  the  screw's  head ;  then  placing  the  assay  b 
weight  in  the  pan,  and  moving  the  button  to  balance  on  one 
of  the  unita  of  percentage. 

When  the  true  balance  is  much  above  or  below  any  unit, 
note  how  far  it  lies  from  the  pointer,  and,  at\er  removing  it 
to  the  next  unit,  you  will  know  tolerably  well,  by  the  dis- 
tance the  pointer  then  lies  the  other  way,  what  iuterveniag 
ii-action  of  half,  quarter,  or  eighth,  to  record. 

This  caleulatiny  lever  im%  of  course^  anstoef^  for  all  Ike  other 
bctse  mdal  assays;  as  will  the  shaft  and  tunnel  jnode  for  thdf 
s-meltlng^  when  otherwise  Jiaxed  as  directed  under  their  different 
headings. 

The  balance  lever  may  be  also  extended  to  twice  tbe 
IcTigth  of  the  20  mark,  so  as  to  have  a  10,  which  would  be 
the  one-tenth  of  the  hundred ;  so  that  a  weight  could  he 
then  made  to  equal  the  tenth,  and,  being  pot  in  the  pan,  % 
balanced  button  would  represent  thousandthe  instead  of  hun- 
dredths; and,  again,  another  might  he  made  to  represent  tea  . 
thousandths  of  one  grain,  or  any  other  pan  weight.  ■ 

An  even  beam  may  also  be  made  to  weigh  instead  of  cal-  ^ 
culate,  by  having  a  similar  piece  of  wood,  etc,  of  double  the 
length,  and,  by  dividing  the  one  or  both  ends  into  tenths,  the 
weights  may  be  also  made  for  the  decinial  system* 

Some  years  since,  I  required  to  make  a  gold  assay,  wGeff 
beamlesH  and  weightless,  in  far  remote  and  frozen-in  winter  _ 
quarters,  where  the  mother  of  invention,  Necessity,  inducedfl 
me  to  make  an  equal-ended  lever,  somewhat  on  these  princi- 
ples.    The  beam  was  a  little  over  twenty  inches  long,  on<j 
and  a  quaiter  inch  wide,  and  seven-eighths  of  an  inch  thick, 
and  was  correctly  divided  and  carefully  notclied  at  every  ine 
of  the  right-hand  end,  bo  as  to  decimalize  the  lever  foi 
obtaining  the  necessary  weights,  either  as  regular  weights  ort 
as  U  shaped  riders* 

These  tenths  were  notched,  both  at  right-angles  across,  and 
down  the  nearer  side  of  the  beam,  and  the  intervening  spaces 
were  again  severally  divided  and  notched  less  distinctly 
across  the  top  of  the  beam  only. 
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The  side  and  vertical  notches  were  then  numbered  from 
the  centre  ^outwards,  by  three  rows  of  hundreds,  tens,  and 
units,  in  the  following  manner. 

100.     200.     800.     400.     500.     600.    700.    800.    900.    1000. 

10.       20.       30.       40.       50.       60.      70.      80.      90.      100. 

1.        2.         3.        4.        5.         6.        7.        8.        9.        10. 

The  1000,  the  100^  and  the  10,  being  over  the  scale -pan, 
the  range  from  unity  to  the  thousandths  is  thus  completed  by 
the  use  of  riders.  The  upper  side  of  the  wood  beam  was 
atraight,  and  the  ends  were  sharpened  to  a  point,  which,  with 
the  central  knife-gudgeon  and  supports,  were  all  similar  to 
those  of  Cut  31. 

In  the  centre  of  each  end  or  tenth  mark  from  the  gudgeon, 
holes  were  pierced  by  a  small  needle,  and  then  made  conical 
from  the  under  side,  whilst  the  upper  part  remained  of  the 
same  size,  so  that  the  thread  might  oscillate. 

After  the  lever  was  made  thus  ready  for  suspension,  I 
screwed  a  short  piece  of  plank  against  the  window's  side- 
frame,  at  a  suitable  height  for  cradling  the  lever  in  screws, 
similar  to  Cut  31,  whilst  one  end  of  the  lever  passed  suffi- 
ciently near  the  wall  for  a  pointed  wire  to  be  driven  therein 
to  serve  for  stand-point  for  balancing  the  lever,  and  more 
subsequent  weighing  operations.  The  lever  was  now  greatly 
reduced,  by  scraping  with  glass,  or  a  sharp  knife,  from  its 
under  side,  more  particularly  towards  the  ends ;  and,  lastly, 
balanced,  by  scraping,  to  the  mark,  by  changing  ends  occa- 
sionally, and  raising  or  lowering  the  wall  wire,  if  necessary, 
to  its  position  of  being  exactly  level  with  the  knife-edged 
gudgeon,  which  the  corrected  lever  proved  for  itself,  as  it 
attained  more  accurate  balance. 

Scale-pans  were  now  made,  by  cutting  out  from  the  side 
of  a  square  oil-can  two  disks  of  four  inches  in  diameter,  and 
then,  after  stamping  three  holes  in  each,  they  were  threaded 
and  brought  to  unite  with  one  thread  at  the  top,  which  was 
then  passed  up  through  the  lever,  and  prevented,  by  a  neatly 
rounded  single  knot,  from  descending  beyond  the  proper 
position.  A  platform  being  then  secured  to  the  wall,  just 
under  these  pans,  they  were  then  filed  and  scraped  to  bal- 
ance, and  the  apparatus  was  ready  for  use.     If  it  is  not  suffi- 
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cioiitly  susceptible  to  suiall  weights,  scrape  or  scqpp  out 
tlje  mkldk  of  the  under  side  uf  the  lieara,  until  it  becomes  so. 

A  *' king-post"  (and  consequent  double  triangle  stay)  is 
quite  an  aequigition  to  such  a  beam,  which  it  greatly  stiffens, 
witliout  iuteifering  with  the  action  of  the  riders,  and»  by 
upper  weiglit,  renders  letss  under  scraping  neceet^aiy  for  the 
proper  adjustments  of  the  centres  of  floatation  and  gravity* 
It  may  be  made  iti  the  following  manner. 

Cut  a  piece  olf  trom  a  cigar-box  (one  and  a  quarter  inch 
wide),  the  width  of  the  beam  and  three  inches  long,  for  ft 
king-post;  cut  the  bottom  end  to  a  sharp  edge  (to  suit  jdIo 
the  central  transverse  gmove  of  the  main  lever),  and  taper 
the  post  fmm  the  full  breadth  at  the  bottom  to  about  three- 
eighths  of  a!i  inch  at  the  top,  and  cut  a  neck  about  three- 
eight  lis  of  an  inch  down  from  the  top  to  securely  ivceive  a 
nmall  wire  or  piece  of  (Strong  twine  or  whip-cord* 

Now  drive  two  strong  nails  into  a  board,  about  an  inch  and 
a  haJf  furfhe}^  asundrr  than  the  extreme  km/th  of  your  wood 
beani^  and  make  a  mark  exactly  midwmy  between  them, 
after  guide  for  twisting  the  cord  or  wire. 

Take  a  very  small  iron  or  copper  wire  (such  wire  as  is 
for  securing  the  corks  in  the  bottles  which  contain  variooa 
effervescing  drinks),  or  a  piece  of  whip-cord,  or  strong  twine, 
and,  after  doubling  and  tying  it  at  the  one  end,  twist  it,  by  a 
short,  round  stick  of  the  size  of  a  pencil,  or  the  "king-post 
neck,  held  exactly  over  the  mid-w^ay  line,  until  the  w^ire  ha 
it  closely,  or  becomes  too  tight  by  shortening,  when  each  of  the 
nails  may  be  wnthdraw^n  from  the  wood,  and  again  driven  a 
quarter  of  an  inch  nearer  to  the  centre  mark,  and  then,  after 
being  again  twisted,  it  will  probably  be  ready  for  being 
placed  in  position  on  the  lever,  which  may  be  done  by  cutting 
tw^o  gaffs  or  saw-cuts  in  each  of  the  beams,  and  placing  the  _ 
loops  of  w^ire  from  the  nails  therein,  in  such  a  way  that  ifrfl 
shall  take   good  hold,  without  splitting  or  fracturing  the 
wood,  when  the  wire  is  being  twisted  somewhat  tightly,  and 
the  ** king-post ''  is  beiug  twisted  and  sprung  into  position. 

This  post  will  not  happen  to  be  of  the  exact  length  to  suil 
the  length  of  the  wire ;  hut,  being  placed  in  position,  and 
slightly  w^edged  up  by  another  piece  below,  the  exact  addi- 
tional length  will  be  ascertained,  wrhen  another  can  be  made 
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±o  salt.  If  the  three  points  of  rest  (the  gudgeon  and  the 
Icnots  that  suspend  the  pans)  should  be  thus  thrown  upwards 
out  of  line,  you  may  cut  the  end  resting-points  a  little  lower. 
By  a  little  perseverance,  you  may  make  such  scales  very 
delicate  in  their  action,  when  they  will  answer  every  practical 
purpose  required  in  assaying. 

To  Make  a  Set  of  Weights — For  such  a  lever ^  is  a  very 
easy  matter,  when  you  proceed  as  follows. 

Borrow  from  the  grocer's  store  his  one-ounce,  or  half- 
ounce,  or  quarter- ounce  weight,  or  a  \veighed  quantity 
of  bard,  heavy  material,  that  equals  either  of  these,  or  any 
other  weight  that  you  may  prefer  for  the  nature  of  assay 
you  would  wish  to  make,  as  that  for  self- calculation,  as 
described  under  heading  4,  page  219,  under  Gold  and  Silver 
Assays;  or,  in  fact,  any  quantity  of  anything — as  a  hornful 
of  quartz,  of  no  particular  commercial  weight — and  by 
placing  this  in  the  one  pan,  you  may  take  a  piece  of  round 
brass  or  iron  wire,  of  greater  weight,  and  file  it  to  balance, 
when  placed  in  the  other  pan,  ho  ha  to  obtain  just  the  weight 
you  desire,  and  call  it  your  1000  weight,  which  must  be  now 
bent  to  somewhat  of  the  shape  of  a  letter  C,  with  sufficient 
space  between  its  long  legs  that  it  may  freely  straddle  the 
beam  of  the  scales.  Now  place  this  1000  weight  in  the  100 
mark  as  a  rider,  and  take  a  much  smaller  wire  for  a  second 
weight,  which  make  of  the  same  shape  ha  the  first,  and  so 
diminish  its  weight,  by  filing  and  scraping,  that  it  shall 
exactly  balance  the  1000  weight  on  the  100  mark,  when  placed 
in  the  opposite  pan.  Next,  by  placing  this  weight  in  the 
100,  over  its  mark  of  100,  and  again  filing,  scraping,  or 
catting  another  much  smaller  piece  of  wire,  or  cord,  or 
thread,  to  balance,  and  you  will  have  a  10  weight. 

Thus,  you  have  decimalized  the  large  quantity  called  1000, 
and  provided  yourself  with  means  to  weigh  any  and  all  quan- 
tities, by  these  three  weights,  from  the  thousand  down  to  its 
ten-thousandths'  part,  which  I  will  endeavor  to  make  more 
intelli^ble  by  explanation  of  the  principle  of  its  action,  with 
examples. 

The  1000  weight  is  always  used  in  one  pan  to  weigh  the 
assay  in  the  other,  which,  being  fluxed  and  smelted  (and 
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cupelled,  if  gold  or  silver),  the  clean  button  is  then  placed  in 
the  left-hand  pan,  and  weighed  by  the  nae  of  movable  riders^ 
instead  of  fixed  positioned  pan-weiglita,  as  followB. 

Now  we  will  first  suppose  it  to  be  a  base  metal  asbaj,  for 
per  thousandths  or  percentage,  and  proceed  as  follows.  The 
button  18  placed  in  the  left-hand  sealc-pan,  and  the  1000  rider 
on  the  other  end  of  the  lever,  on  the  s/cfc-mark,  where  you 
think  it  will  balance  (aay  600);  but  it  is  not  «o  heavj',  aad 
the  rider  U  tried  on  the  500,  where  the  button  is  still  too 
light  to  balance  therewith,  and  the  rider  ia  placed  uri  the 
400;  the  button  is  now  found  to  be  heavier,  as  it  always 
shouhi  be,  when  this  1000  is  allowed  to  remain  exactly  on  the 
400  mark,  aod  tlie  100  rider- weight  is  now  tried  from  out  to 
inwards,  in  similar  manner,  until  it  also  lies  exactly  over  a 
line,  when  the  button  is  heavier  than  the  riders  (as  on  aay 
70  in  its  own,  the  second  line) ;  now  the  third,  or  10,  must 
be  placed  until  it  does  exactly  balance,  and  this  weight— 
differing  from  ike  othir  weigkis,  which  mitst  keep  over  the  linra — 
has  the  sole  privilege  of  settling  tlie  balance,  by  travemng 
the  whole  100  divisions,  if  necessary  to  balance;  which,  in  thia 
instance,  shall  be  over  the  second  mark  outside  of  the  1  in 
in  its  own  third  line. 

The  per  thousandths  of  such  a  button  will  therefore  be 
471.2  (and  the  percentage  47.12),  and  the  value  of  the  bullion 
or  ore  may  l>e  obtained  by  multiplying  it  by  37.7  for  silver,  M 
or  602.73  for  gold.  W 

As  another  example,  a  gold  assay  made  from  this  1000 
weight  may  balance  its  button  when  the  weight  10  is  on  the  M 
first  top-notch  from  the  centre  of  the  beam,  on  the  one-  ^ 
hundredth  of  the  half- beam's  length,  which  would  be  the 
tenth  of  the  unit  of  one-thousandth,  or  a  decimal  .1,  which, 
being  multiplied  by  602.73,  woukl  be  equal  to  ?G0.27,  a 
quantity  stil!  too  high  for  the  gold  assay  of  low-grade  rock; 
80  that,  for  such  a  purpose,  a  fourth  weight,  marked  1, 
would  have  to  be  used,  and,  when  used  in  the  position  the 
10  weight  just  occupied,  it  would  represent  the  om'-hundrcdth 
of  the  unit  of  one  thousand,  or  the  decimal  .01,  which,  being 
multiplied  by  602.73,  will  equal  $6.02  per  ton  of  2000  pounds. 
(See  headings  3  and  4  of  Chapter  VII,  for  general  principles  for 
calculation  of  gold  and  silver  per  ton,  at  pages  217  and  219. 
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t  will  be  seen,  from  the  above  remarks,  that  the  third,  or 
ight  10,  should  be  used  as  the  smallest  weight  for  Bilver 
tays,  whilst  the  fourth  is  necessary  for  gold;  and  whichever 
ty  be  used,  beirifj  (lie  smfilkst  of  the  3  or  the  4  weights,  it 
1  have  the  privilege  of  mnging  the  whole  length  of  the 
beam,  for  the  lower  decimation  of  the  weight. 
pin  general  weighings  of  buttons  from  the  ordinary  milling 
ftnd  smelting  ores,  it  is  plain  that  the  one  or  the  other 
of  these  weights,  when  used  alone,  will  record  the  weight;  or, 
if  the  self- calculating  mode  is  used,  as  fully  described  at 

(ige  219,  under  heading  4,  its  value  in  dollars  per  ton,  etc. 
If  carefully  made,  this  beam  and  such  weights  are  suffi- 
&ntly  exact  tor  all  practical  working  purposes. 
The  one  alluded  to  weighed  as  close  to  the  truth  as  most 
expensive  balances  will  do*     I  was  somewhat  surprised  to 

Pd  that  the  buttons,  when  checked,  some  months  after,  by  a 
ely  finished  balance,  were  found  sufficiently  near  for  even 
Bommercial  purposes.     A  full  set  of  weights  may  be  made 

the  same  beam,  if  preterred,  as  all  you  have  to  do  is  to 
Bke  from  these  four  units  of  weight,  either  by  the  rider 
on,  or  from  themselves  severally  placed  in  the  pan,  as 
llowa.  Carefully  balance  the  lever,  and  first,  with  the 
weight  marked  1  in  the  one  pan,  weigh  an  eqital  quantity  of 

ly  suitable  substance  in  the  other,  when  the  sum  of  both 
fill  serve  for  making  weight  2;  again,  this  2  and  1  will 
lake  the  weight  3 ;  and  the  3,  with  the  2  and  the  1,  will 
take  a  6 ;  and  so  for  the  rest  of  the  spries,  being  mindful  to 
ways  keep  to  the  one  pan  in  making  the  weights,  and  in 
eighing  the  sample  and  button,  so  that  no  error  may  arise 
ecause  of  unequal  lengths  of  the  ends  of  the  lever. 

The  weights  may  be  now  corrected  to  agree  with  each 
Iher,  by  commencing  with  the  smallest,  and  ranging  upwards 
y  aggregations. 

By  the  way,  few  sets  of  weights  purchased  at  high  prices 
ill  bear  this  test,  when  made  on  a  delicate  balance. 

To  lessen  their  weight  in  a  sate  manner,  you  must  have 
Breeverance ;  and  the  best  way  that  I  have  found  is  that  of 
itiently  grinding  them,  on  a  perfectly  dry  and  slowly  fretting 
tone,  and  measuring  the  loss  by  counting  the  number  or 
iBgth  of  equally  pressed  rubs  thereon.    There  is  little  diffi- 


320 


THE  EXPLORERS*,  MINERS'  AND 


eiilty  in  making  very  .slow  progro^B;  l)Ut,  to  become  rnor^ 
expert,  i-apid,  and  at  the  same  tune  ssutKeiently  exact,  h  qait« 
a  business  in  itself. 

4.  Assaying  of  Copper  by  MACiitNE.  —  If  the  sample  b» 
aolphuret,  it  mu8t  be  roasted  in  a  small  crucible,  either  liy 
being  placed  transversely  in  the  cupola  furnace  (as  shown  at 
page  266j  Cut  25),  or  vertically  \\ithin  the  furnace,  which  is 
fixed  by  beiu^  filled  with  small  pieces  of  charcoal  placed 
tmder  and  around  the  crucible,  kindled  and  regulated  by  the 
flames  from  the  tour  lampss,  as  blown  before  the  blow-pipe. 
If  not  a  i^ulphuret,  it  mast  not  he  roasted. 

A,     Balance  the  main  lever  to  the  line  on  the  cross  leverj 
by  weight  A;  then,  after  CHrefiilly  removing  A,  place  weight  J 
B  in  one  cud  of  the  scale  scoop,  and  aiiflicient  intimately] 
mixed,  pulverized  ore  in  the  other  end,  until  the  lever  returas 
to  balauco  to  line  on  cross  lever,  and  transfer  it  to  the  cruci- , 
ble,  for  being  roasted  at  a  red  heat,  with  twice  iti*  weight  ofl 
charcoal  [lowdcr,  during  continual  stirring  for  ten  or  fifteeaj 
minutes,  until  no  sulphurous  smell  is  evolved;  being  careful 
to  so  regulate  the  heat  that  the  sample  shall  neither  partially 
nor  wholly  agglutinate.     If  the  roasting  haa  not  ceased  to 
sublime  off  all  smell  of  sulphur,  more  charcoal  powder  must 
be  added,  and  the  roasting  he  continued. 

B  1.     Prepare  charcoal,  flux,  and  paper,  as  described  under  i 
headings  D.  E,  and  F,  at  page  312,  for  common  blow-pipe,| 
but  with  everything  twice  the  size;  and,  after  taking  off  th^ 
rings  ill  the  front  of  the  machine,  hold  the  charcoal  in  thej 
left  hand,  and  proceed  with  the  smelting  of  the  assay  as  there 
directed. 

B  2.     Take  a  piece  of  strong   letter-paper,  two  inchea 

square,  which  moisten  with  water,  and  plaster  it  overivith' 
soap  to  aljnut  une-tburth  the  weight  of  the  ore;  next  sprinkle 
the  ore  over  this  wet  soap,  and  then,  with  the  same  weight 
of  carbonate  of  soda  as  of  the  ore,  roll  It  into  a  i-oundisli 

ball, 

C.     Smelt  this  for  ten  minutes,  on  one  of  the  machine'i 
charcoal  or  composition  supports,  closely  covered  down  bj 
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another  piece  of  suspended  charcoal  (as  shown  by  the  spiing- 
fingers  of  Cut  15,  page  138),  taking  great  care  that  the  whole 
yellow  flames  shall  steadily  cover  the  sample,  with  their  fiill 
reducing  influence,  the  whole  time.  Care  should  be  taken 
to  avoid  any  excess  of  blast,  by  blowing  very  gently  and 
continuously,  under  a  low  head  of  water  in  the  column. 

D.  Remove  this  mass  of  slag  and  ore  from  the  coal,  and 
carefully  pulverize  it  in  the  mortar,  without  losing  any  metal 
or  slag. 

E.  Plaster  another  similar  paper  with  soap,  and  sprinkle 
this  powdered  slag  and  the  metallic  coarse  copper  thereon ; 
but,  instead  of  carbonate  of  soda,  with  about  half  the  quan- 
tity of  borax;  roll  it  up,  and  smelt  as  before,  for  eight  min- 
utes, after  the  mass*  becomes  molten. 

F.  Pulverize  the  assay  carefully  by  a  few  blows  with  a 
hammer,  between  cloth  or  paper,  and  balance  the  one  or 
more  buttons  for  per  thousandths,  on  the  calculating  lever, 
using  one  of  the  weights  marked  X  4,  X  3,  or  X  2;  and,  for 
percentage,  take  off  one  figure  from  the  right-hand  side 
of  the  thousandths. 

If  the  copper  is  not  sufficiently  fine,  re-smelt  it  with  its 
weight  of  borax  for  some  four  minutes. 

Minute  quantities  of  copper  may  be  collected  trom  slag 
much  easier  after  pulverization,  by  the  water  method 
described  at  page  152.  This  should  be  always  resorted  to  as 
a  means  for  ascertaining  if  more  metal  is  concealed  in  the 
slag,  besides  the  large  button. 

5.  Assaying  of  Copper  by  Water  Concentration,  from  the 
Natural  Constitutional  Ratio,  or  Metallic  Percentage  of 
THE  Particular  Kind  of  Dried  Residue. — Most  of  the  large 
and  lasting  copper  mines  produce  somewhat  of  a  general 
average  of  particular  kinds  or  constitutions  of  ores,  that, 
having  similar  elemental  equivalent  percentages,  can  be  caU 
culated  very  closely  for  metal  from  the  proportions  their 
dried  residues  bear  to  the  total  weight  of  the  whole  samples 
taken ;  or  by  comparing,  with  tables  of  notes  made,  the  one 
time  with  another,  against  corresponding  fire  assays,  as  pre- 
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viooely  alluded  to  under  the  asaays  by  water  of  lead  and 
antimoDy. 

A-  Yellow  Sulphurbt  of  Copper  —  Can  be  most  readilj 
assayed  in  this  way,  when  concentrated  with  water,  » 
described  at  page  130,  and  dried  as  directed  at  page  293. 

The  weight  of  metallic  copper  is  then  ascertained  by  mul- 
tiplying this  weight  of  sulphuret  by  the  decimals  .346  for 
actual  quantity,  and  dividing  by  3  for  the  crucible  result. 

B.  Treat  as  by  **  A"  for  weight  of  sulf>hnret,  and  mnlti- 
ply  by  your  own  tabular  number,  as  found  by  records  from 
previous  crucible  assays,  made  for  commercial  purposes. 

O.  The  Bell  Metal  Yellow,  and  Gray  Sulphurets  of 
Copper ^ — ^May  be  treated  by  water,  dried,  and  weighed  for 
percentage  of  aueh;  but,  as  they  are  more  subject  to  varia- 
tions by  accidental  ingredients,  as  well  as  by  ditierence  of 
constitution^  the  multiple  for  each  particuhir  kind  of  ore 
found  iu  each  mine,  vein,  or  parts  of  the  veins,  shoald  be 
valued  by  being  multiplied  by  the  proper  decimals,  as  previ- 
ously ascertained  by  crucible  or  humid  assays.  M 

B.  The  Green  Carbonate  of  Copper  —  May  be  concen- 
trated by  water,  dried,  and  multiplied  bj^  *72  for  percentage 
of  oxide  of  copper,  and  by  ,575  for  metal. 

E.  The  Blue  Carbonate  of  Copper — ^May  be  treated  as 
under  "D,"  and  multiplied  by  .69  for  osdde  of  copper,  or  by  \ 
»551  for  metal 

F.  The  Red  Oxide  of  Copper — May  be  computed  for 
metallic  copper  by  multiplying  its  weight  by  .888. 

&.  The  Black  Oxibe  of  Copper  ^ — Is  somewhat  rare,  and 
being  formed  in  irreffular7iests  in  the  sliallow  sections  of  veins, 
from  the  decomposition  of  the  other  ores,  can  be  seldom 
valued  by  this  means.  _ 

The  last  two  ores  of  copper — the  red  and  black  oxides^  | 
will  not  stand  much  water-washing;  and  the  results  cannot 
be  relied  on,  even  when  compared   to  tabulated   crucible 
assays.* 

**  For  au€h  <^  tampl^tj  and  evon  /or  ail  orAer«,  another  rewdy  me&ns  mnj-  b« 
r«f«Tfced  to  for  doselj  approzimaiiDg  to  tbe  quantity  of  meial  Uiat  caa  ba 
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The  easiest  and  best  means  for  obtaining  your  multiplier 
for  water  assays  is  by  making  collateral  water  assays  of  sam- 
ples that  are  being  worked  by  crucible,  when  you  can  obtain 
the  decimal  multipliers  by  dividing  the  weight  of  the  button 
of  copper  by  the  weight  of  the  concentrated  and  di-ied  resi- 
due; thuti,  if  an  assay  from  100  grains  of  carbonate  ore  by 
crucible  realized  55,1  of  metal,  you  will,  by  dividing  the  55.1 
by  lOOj  obtain  .551  for  the  multiplier;  and  this  rule  will 
apply  for  all  qimntUies  in  the  same  manner;  for  say  that  100| 
or  any  other  number  of  grains,  is  taken  for  the  assay,  and, 
after  concentration,  it  is  reduced  to  say  15  grains  of  pure 
mineral,  and  that  this,  or  another  similar  quantity  and  quality^ 
is  also  taken,  so  as  to  be  assayed  by  crucible,  which  may  be 
supposed  to  yield  12  grains  of  pore  copper;  now  12,  divided 
by  15,  will,  of  course,  provide  the  multiplier  for  this  consti- 
tutional quality  of  mineral,  Thua  12,  divided  by  15,  will  be 
equal  to  .8,  and  the  concentrated  weight  of  15,  multiplied  by  ,8, 
will  equal  12,  and  serve  for  future  practical  approximations. 

6.  The  Humid  Assay  of  Copper. — It  is  sometimes  more 
convenient^  and  always  more  economical,  to  assay  copper  by 
acid  process  than  by  crucible;  and  as  it  happens  also  to  be 
within  the  reach  of  the  careful  amateur  (althougli  he  may 
know  but  little,  or  even  notliing,  of  cheraiatry),  I  have 
endeavored,  by  first  oxidizing  the  sulphurous  ores  by  the 
comprehensive  chemical  action  of  fire,  and  by  selection  of 
that  most  simple  and  elFeetive  means  known  as  the  "Swedish 
method,"  to  make  it  not  only  most  efficient  for  the  various 
constitutions  of  ores,  but  subservient  for  all  purposes,  and 
within  the  ready  means  of  all  men,  by  extemporization  of  the 
aecessary  apparatus  for  its  accomplishment. 
, - ^_i ^_ 

obUined  from  an  unmued  or  regular  ore,  wticu  mimriiLbly  aifled  through  ft  sieTt 
of  limtliLr  fineneiflf  «a  follows. 

Make  aotes  of  the  |ierceniagG  of  metal  realised  from  your  particular  area^  m 
4sa&jed  by  crucible,  from  time  to  lime,  which  tiible  la  one  columa  ;  whilst^  ftt 
th«  same  time,  jon  weigh  a  measured  ciu&utttjt  and  table  thif  correspoodiDg 
weight  ia  ad  oppo^iag  column,  and  the  one  may  be  Lheo  knowQ  from  the  other, 
on  futiire  occasioQs. 

A  common  deep  yeast^powder  box  is  well  suited  for  this  purpoae,  which  m^ 
be  first  halaoced,  and  the  qu&Qtity  then  measured  and  atmck  off  by  ft  tlr&ight* 
edge;  the  balance  weight  being  kept  for  futare  aae  as  such. 
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A-  Weigh  a  carefully  averaged  sample  of  eay  50  grains 
of  the  finely  pulverized  and  intimately  mixed  dried  on, 
which  roast  as  under  the  German  asaay,  if  necessary,  and 
then  place  it  in  a  thin  porcelain  dish,  like  that  seen  over  the 
naphtha  lamp  (Cut  32),  or 
in  a  saucer  or  cup;  now 
joat  cover  this  with  hydro- 
chloric acid  (muriatic),  and 
then  place  it  over  the  chim- 
ney of  the  lamp  on  the  cen- 
tral loop  of  the  wire  that 
has  been  twisted  arouTul 
and  over  its  glass  chim- 
ney, and  carefully  evapo- 
rate it  almost  to  dri/nc^Sj 
during  continual  stirring. 

B.  From  twenty  to  thir- 
ty drops  of  strong  ,sulphu- 
ric  acid  must  now  be  added, 
when  it  must  he  again 
boiled  until  strong  fiimes 
of  sulpharic  acid  begin  to 
arise  therefromj  when  the 
dish,  saucer,  or  cup,  must 
be  supplied  witli  water  to 
about  six  times  the  volume 
of  its  contentSj  and  kept  in 
a  warm  position  for  about  an  hour,  until  all  the  sulphate  of 
copper  formed  has  been  dissolved  into  the  solution. 


I 


C.  Filter  this  solution  into  a  basin,  through  the  regular 
filtering  paper  and  funnel  (as  Shown  by  Cut  32),  or  through 
blotting  paper  and  a  bottle,  made  as  a  substitute  for  a  funnel^  fl 
in  the  manner  described  at  page  267  (not  forgetting  the  sand, 
which  prevents  a  hole  being  knocked  through  when  the 
piece  of  glass  falls  under  the  blow  from  the  hammer),  and 
wash  the  filter  through  with  clean  water  until  the  water 
(teases  to  have  an  acid  taste.*  . 


*  Filters  may  be  folded  in  three  wajs,  to  suit  the  fuiiiiei 

L  Fold  the  circular  fiiter  across  Lii  diameter  to  a  half-circle,  uid  tben  re-fold 
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D.  Place  a  piece  of  clean  zinc  into  this  basin,  which,  on 
being  dissolved  by  the  acid,  will  rapidly  precipitate  metallic 
copper  from  the  solution,  until  the  latter  entirely  loses  its 
greenish  blue  color ;  this  may  be  also  known  by  dipping  a 
clean  and  bright  iron  nail  therein;  for,  if  the  slightest  trace 
remain,  the  iron  will  become  coated  with  metallic  copper. 

B.  The  undissolved  zinc  must  now  be  taken  out  from  the 
liqnor,  and  the  adhering  copper  washed  back  therein. 

P.  Carefully  pour  off  the  solution,  well  wash  the  copper 
with  dean  water,  dry  safely  over  the  sauce-pan  (as  shown  by 
Oat  28,  at  page  293),  or,  with  greater  speed  and  risk,  over 
ifae  lamp  (Cut  32),  by  judgment  of  heat,  as  regulated  by  side- 


Q.  Multiply  the  weight  in  grains  of  this  perfectly  dry 
copper  by  2,  for  its  percentage  of  copper. 

U.  This  may  be  smelted  in  a  white-hot  crucible,  with  its 
W0igfat  of  borax,  for  five  minutes,  if  a  perfectly  pure  button 
of  oc^per  is  desired. 

t  Twenty  grains  may  be  thus  treated  in  the  wet  way, 
and  the  copper  smelted  into  a  button,  with  borax,  before  the 
machine,  where  a  furnace  is  not  alight  or  at  hand. 

This  method,  thus  finished  by  either  means,  is  more  easily 
and  satis&ctorily  accomplished  than  by  fire  alone. 

The  residue  of  the  ore  that  lies  above  the  filter  should  be 
examined,  so  as  to  be  certain  that  the  acids  have  completely 
extracted  all  the  copper  from  the  quartz  or  other  gangue. 

to  a  qaarter-circle ;  take  three  tbicknessos  of  the  paper  between  the  finger  and 
thomb  of  the  right  hand,  and  one  thickness  in  the  left;  open  out  to  shape, 
drop  into  the  funnel,  wet  with  water ;  and  it  is  ready  for  use. 

2.  Fold  into  half,  and  quarter,  as  before;  then  again  to  the  eighth  of  the 
circle;  and,  when  opened  out  to  shape,  with  the  three  thicknesses  of  paper 
oppoiite  each  other,  it  may  be  dropped  into  the  funnel,  and  wotted  for  use  as 
before. 

3.  Bff  ruU  of  thumb.  Lay  the  unformed  filter  over  the  funnel  ;  press  the 
center  down  with  the  flat  part  of  the  left  thumb,  and  fold  the  corrugated  sidei 
down  to  tait  the  funnel.     Water  as  before,  and  it  is  ready  for  use. 
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1.  By  Water  and  Acid, — Tin  is  invariably  obtained  from 

its  oxide,  which  has  the  several  remarkable  properties  of  veiy 
high  specific  gravity;  peculiar  compactness  and  cohesion  of 
its  diejintegrated  fragments;  offering  remarkable  resistance 
to  the  pestle,  as  well  as  to  currents  of  water;  never  found 
chemically  combined  in  constitutional  mixtures  with  other 
minerals;  it  is  unaffected  by  a  red  heat;  and  is  completel 
insoluble  in  acids  and  ammonia. 

There  is  one  mineral  that  is  occasionally  found  associate 
with  tin,  which  sometimes  deceives  the  mincFj  who  relies 
implicitly  on  concontration  by  water,  subsequent  roasting* 
bruising,  and  ridding  it  from  all  gangue  by  re-washing  away 
in  tlie  water  the  impalpable  oxide  of  iron,  etc.,  thus  pro- 
doeed ;  it  is  wolfram  (or  the  tungstate  of  iron),  which,  by  its 
superior  weight,  and  resistance  both  to  fire  and  pestle,  still 
keeps  company  with  tin-stone,  which  it  closely  resembles  in 
many  other  general  eharacteristics,  exceptmff  thai  it  is  partially 
soluble  m  acids;  as  the  residue  of  tnngstie  acid  is  in  ammonia. 

A.  Having  this  fact  in  continual  remembrance,  concen- 
trate 100  grains  in  the  manner  that  has  been  fully  described 
at  page  130,  in  Chapter  III,  on  the  ^'Qualitative  Discrimina- 
tion of  Minerals  by  "Water  Concentrations." 

Boast  the  concentrated  sample,  at  a  red  heat,  for  a  hatf- 
hour,  with  occasional  stirring;    pulverize  to  a  fine  state  of  ■ 
division,  and  wash  away  the  oxidized  iron  with  further  con-  ■ 
centration  by  water^  until  the  oxide  of  tin,  which  withstands 
this  wash,  alone  remains.  M 

If  wolfram  is  absent,  it  may  be  then  dried  and  weighed 
for  value. 
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If  wolfiram  is  present  (and  strange  ores  should  be 
always  tested),  the  roasted  sample  should  be  transferred  to  a 
suitable  porcelain  veesel^  and  about  twice  its  volume  of  '^aqua 
regia**  added  thereto  (which  is  a  mixture  of  say  three  parte 
of  bydro-chloric  acid  (muriatic)  with  one  part  of  nitric  acid), 
and  boiled  for  a  half-hour  over  the  wired  lamp  (as  shown  by 
Cut  32,  page  324),  After  it  becomes  cold,  it  is  then  well 
washed  with  water,  until  the  escaping  ^mter  ceases  to  have  an 
aeid  taste. 

All  have  now  passed  away  in  water  and  aeid  solutions, 
j  Bave  the  oxide  of  tin  and  the  still  insoluble  residue  of  tung- 
etic  acid,  which  resulted  from  the  decomposition  of  the 
tungstate  of  iron,  and  this  must  be  now  removed  by  addi- 
tion of  a  little  ammonia,  aided  by  more  gentle  warmth 
and  occasiona!  stirring,  for  about  an  hour,  when  it  may 
be  again  washed  and  concentrated  by  water,  to  remove 
all  adhesion  of  foreign  matter,  and  any  silica  that  may  have 
been  released  during  the  decomposition  of  the  tungstate  of 
iron  ore, 

It  is  always  advisable  to  take  advantage  of  the  oxide  of  Hn^$ 
insolabilitjf  in  these  solvents^  whether  this  ^^wolfrarn*'  is  present  or 
mt^  for  thei/  also  serve  to  remove  the  last  adhering  traces  of  other 
impurities;  and,  when  properhj  conductedy  roasting  niay  be  fre- 
quentlg  dispensed  milk. 

Tills  heavy,  insoluble,  water- resisting  residue  of  oxide  of 
tin,  being  thus  washed  perfectly  clean  from  the  solvent  and 
silica,  may  be  dried  as  directed  at  page  293  (Cut  28);  or  over 
a  suitably  wired  lamp  (similar  to  Cut  32,  page  324),  and 
weighed.  The  weight  ingrains  will  be  the  percentage  of  this 
oxide,  which  is  commercially  known  as  *M>lack  tin;*'  and 
this,  being  multiplied  by  the  decimals  J838,  will  give  the 
actual  percentage  of  metallic  or  **  white  tin/' 

If  the  sample  is  first  roasted^  and  the  assay  is  thus  completed 
by  water-washing^  a^ids,  and  ammotiia^  no  better  nor  safer  means 
need  be  used  for  the  e^imation  of  tin  ores. 

If  the  metallic  tin  is  desired  as  an  actual  button,  this  con- 
centrated oxide  may  be  reduced  by  smelting  with  fluxes, 
after  either  of  the  following  methods,  by  crucible,  machine, 
or  common  blow-pipe. 
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2.  Assaying  of  Tin  bv  Crucible.  — In  assaying  tin  by  any 
of  the  fire  methods,  it  must  be  also  renieDibered  that  silica 
(or  quartz)  interferes  so  very  much  with  the  eflectual  pe^ 
formance  of  the  assay,  by  strong  affinity,  that  accuracy  can- 
not be  even  approached,  when  they  are  both  present;  so  that 
it  is  not  only  the  better  way  to  fi^rst  concentrate  a  large  quan- 
tity by  acids,  water,  and  animouiaj  as  above,  but  it  is  an 
absolute  necessity  to  do  so,  w^ien  even  an  approach  to  accuracy 
is  desirable.  To  more  fully  impress  this  on  the  readers 
mind,  I  may  state  that  if  an  assay  be  made  from  a  sample  of 
100  grains  of  ore,  composed  of  80  grains  of  tin  oxide  and 
but  20  grains  of  quartz,  under  the  superior  reducing  powers 
of  black  flux,  in  consequence  of  this  quantity  of  quartz 
being  present,  only  ciffhfy  per  ceiU.  of  Us  gmintity  of  mctaUk  Im 
will  fe  realized:  and,  if  the  sample  contained  20  grains  of  tin 
and  80  grains  of  quartz,  thai  no  button  of  mddlic  tin  would  be 
obtained. 

The  jnore  comisterU  way  is  therefore  to  first  remove  these  delde- 
nous  portions  from  the  sample  by  water-washing^  as  described 
under  the  first  heading^  at  page  326,  and  to  obtain  the  button  by  me 
of  the  following  modes  for  Jiuxed  smelling^  the  best  being  those  firsi 
named, 

A.  Intimately  mix  this  concentrated  pure  oxide  of  tin 
with  its  weight  of  an  equal  mixture  of  cyanide  of  potassium 
and  carbonate  of  soda  (as  14  grains  of  oxide  of  tin,  T  grains 
of  cyanide,  and  1  grainb  of  the  carbonate);  transfer  it  with 
a  scoop  into  a  red-hot  crucible;  raise  the  heat  to  whiteness 
as  quickly  as  possible,  and  after  the  mass  has  become  per- 
fectly fluid,  which  it  will  be  in  about  ten  minutes,  it  must  be 
removed;  the  button  may  be  removed,  as  soon  as  it  is  cold, 
by  breaking  the  crucible;  cleaned  from  slag,  and  weighed. 

B,  First  concentrate  to  the  pure  oxide  of  tin,  as  under 
the  first  heading,  page  326,  and  place  this  dried  residue, 
without  any  flux,  in  a  plumbago  crucible  (or  a  clay  crucible, 
lined  with  powdered  graphite  or  charcoal,  will  answer  the 
same  purpose),  and  closely  shut  down  the  cover  (or  the 
broken  bottom  of  another  crucible)  with  tenacious  fire-clay, 
in  an  air-tight  manner.  The  crucible  is  then  carefully 
removed  to  the  tire,  and  gradually  heated  to  redness;   and 
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then  the  heat  should  be  more  speedily  raised  to  white,  when 
the  crucible  may  be  again  as  carefully  removed  from  the  fire, 
without  starting  the  cover. 

When  quite  cold,  the  button  of  tin  may  be  removed,  as 
before,  unless  the  metal  is  scattered  into  several  buttons, 
when  they  should  be  collected  in  the  manner  described  at 
page  162,  by  pulverization,  water  treatment,  drying,  etc. 

C.  Take  of  the  pure  oxide,  that  has  been  treated  by 
water,  acid,  and  ammonia  concentration,  as  under  the  first 
heading,  page  327 ;  and  to  this  sample  of  oxide  add  three- 
fourths  of  its  weight  of  carbonate  of  soda,  one-fourth  of  its 
weight  of  cream  of  tartar  (which  is  also  called  argol  or 
tartar),  and  about  one-tenth  of  it^  weight  of  lime.  Select  a 
crucible  that  will  hold  about  thrice  this  quantity,  and,  after 
these  are  intimately  mixed,  they  must  be  placed  therein,  and 
covered  first  by  a  thin  layer  of  carbonate  of  soda,  and  lastly 
by  a  teaspoonful  of  borax  glass,  or  common  window-glass. 
Transfer  the  crucible  to  the  fire,  and  warm  it  very  slowly  to, 
and  keep  it  at,  a  low  red  heat,  for  some  fifteen  minutes; 
and  after  increasing  the  heat  to  bright  red,  as  soon  as  the 
sample  is  in  a  proper  molten  condition,  it  may  be  withdrawn 
and  simultaneously  swayed  by  a  small  circular  motion,  to 
wash  the  smaller  globules  from  the  side  of  the  vessel,  that 
they  may  be  precipitated  to  the  bottom  by  a  gentle  tap  of  the 
crucible  on  its  resting-place,  into  the  one  button,  which  may 
be  extracted,  when  cold,  by  breaking  the  crucible,  etc. 

D.  The  ordinary  Cornish  mode,  for  similar  reasons  to  that 
of  the  copper  assat/y  is  conducted  somewhat  as  follows.  Two 
ounces  of  the  water-concentrated  ore,  after  being  mixed  with 
about  a  half-ounce  of  "culm"  (a  kind  of  anthracite  coal),  is 
transferred  to  a  red-hot  crucible,  which  is  increased  to  white 
heat,  and,  when  the  contents  fuse  stubbornly,  a  little  fluor 
spar  is  sometimes  added  thereto.  In  about  twenty  minutes, 
the  crucible  is  withdrawn,  and  its  contents  are  poured  into  a 
small  iron  mould.  When  cold,  it  is  pulverized  in  a  mortar, 
and  the  metal  is  concentrated  by  water  on  a  concaved  shovel, 
gently  dried  over  the  fire,  and  weighed. 

E.  The  slags  from  smelting  furnaces,  which  contain  a 
small  percentage  of  tin,  associated  with  silica  and  tungstic 
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acid,  cannot  be  actualhj  assayed  by  fire;  but  they  maybe 
ismelted  with  iron,  which  has  a  still  stronger  affinity  for  silica 
than  tin  has,  and  consequently  the  tin,  being  than  displaced 
from  the  slag,  is  then  reduced  to  a  metallic  alloy  with  some 
of  the  iron,  which  can  be  then  more  easily  analyzed  by  the 
humtd  method,  as  described  under  the  fifth  heading. 

This  preliminary  and  partial  auxiliary  assay  is  performed 
in  the  following  manner. 

Take  as  large  a  quantity  of  this  generally  poor  slag  as 
your  crucible  will  treat  properly;  mix  therewith  half  its 
weight  of  the  oxide  of  iron  (the  .scales  of  oxide  that  fall  from 
the  blacksmith's  anvil  will  eerve  for  this  purpose),  one-fourth 
its  weight  of  powdered  fluor  spar,  and  one-fourth  its  weight 
of  charcoal  powder.  Place  this  in  a  covered  Cornish  cruci- 
ble (as  that  shown  by  Cut  29,  at  page  303).  Gradually 
increase  the  fire,  and  keep  the  crucible  at  a  low  red  heat  for 
some  twenty  minutes;  then  increase  the  temperature  to 
white  heat,  and,  after  it  has  been  in  that  condition  for  about 
thirty  minutes,  it  may  be  withdiiiwn,  and  the  button  of  alloy 
analyzed  as  directed  under  the  fifth  heading,  for  humid 
assay  of  such  buttons. 
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3.  Assaying  of  Tin  by  the  "Wee  Pet*'  Machine,— 
Concentrate  by  humid  method,  as  recommended  for  crucible 
assay,  and  then  treat,  with  cyanide  of  potassium  and  car- 
bonate of  soda,  the  same  quantity  from  weight  B,  in  the 
same  manner  as  stated  at  page  291,  under  the  second  head- 
ing, tbr  the  assay  of  both  lead  and  antimony,  under  sub- 
heading H,  at  page  292, 


4.  Assaying  of  Tin  by  Common  Blovy-pipe. — The  oxide 

of  tin  cannot  be  treated  with  any  great  degree  of  accuracy] 
before  the  blow-pipe  ;  but  the  following  methods  are  perhaps 
more  exacting  than  any  others,  and  are  at  least  substantial] 
collateral  proofs  that  the  residue  [rroduced  by  the  system  oi 
humid  solution  and  concentration,  fully  explained  at  page] 
326,  ie  really  tin, 

A.  Take  one  grain  of  the  supposed  oxide  of  tin,  and 
treat  it  in  the  covered  shaft-furnace,  as  heated  through  the 
blast   tunnel,   in   the   same   manner  as   the   copper 
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described  at  page  312,  under  headings  F  and  Or,  but  with 
these  differeuccs:  that  one  grain  of  cyanide  of  pot^issium 
moBt  be  added  to  the  fluxes  there  named,  and  that  it  is 
directly  smelted  in  the  one  operation,  which  should  be  com- 
pleted in  from  eight  to  ten  miiiuteB. 

B.  Take  one  grain  of  the  supposed  pure  oxide,  which 
treat  in  exactly  the  same  manner  as  directed  under  the  third 
beading,  and  sub-heading  B,  page  292,  for  assay  of  both  lead 
and  antimony,  when  in  alloyed  condition. 


"  5.  The  Humid  Assay  of  Tin  and  Iron  Alloys,  as  Pbb- 
PAEED  BY  Fluxed  Fusion  in  Crucible,  under  Sub-heading  E, 
AT  Paok  329;  thk  Buttons  Being  Especially  Obtained  foe 
this  Purpose  from  the  Siliceous  and  Tunqstic  Slags  op 
Smelting  Furnaces. — As  some  niinens  may,  in  far  remote 
B  regions,  have  to  smelt  their  tin  ores  into  metals,  it  is  imper- 
■  atively  necessary  that  they  should  liave  a  means  for  estima- 
tion of  the  amount  of  tin  that  remains  unreduced  in  their 
alags.  Although  the  crucible  greatly  facilitates  the  humid 
assay  in  this  instance,  by  causing  iron  to  re-place  the  tin  in 
the  slag,  and  to  form  also  a  simple  alloy  of  metallic  iron  and 
tin,  it  will  not  thoroughly  accomplish  the  assay;  so  that,  as 
this  button  of  alloy  must  be  treated  by  some  humid  process, 
I  suggest  the  following,  as  being  the  one  that  is  moat  relia- 
ble, and  yet  comparatively  easy  to  accomplish,  in  such  tixed 
establishments. 

This  button  of  alloy,  as  obtained  ft'om  the  slag  by  fusion, 
process  E,  page  329,  mast  be  brushed  thoroughly  clean,  then 
dissolved  in  a  boiling  mixture  of  strong  hydro-chloric  acid 

I  (muriatic),  three  parts,  to  one  part  of  waterj  and  filtered  into 
iin  open-mouthed  vessel,  an  a  glass  tumbler  or  basin.* 
The  tin  must  bo  now  precipitated  in  the  following  manner, 
by  sulphide  of  hydrogen  gas,  which  may  be  made  expressly 
for  the  purpose,  in  the  apparatna  illustrated  by  Cut  33. 
The  cut  explains  itself,  as  to  general  arrangement  of  parts. 
•  Before  the  9&lution  U  jHfered^  ft  may  bo  tested  hj  a  piece  of  bright  nactallic 
iron,  for  copper,  ctc.^  etc.,  which  Bliould  also  precipitate  nuj  eicess  of  such 
metal !i  from  the  solutloiif  wlien  the  i>f>n  0/  ihe  alloy  wiia  ins uMg lent  tor  tkU  effect 
(wliich  win,  hawcTer,  be  Tery  qdusuaI). 
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The  tubes  may  be  al!  made  of  glass,  or  glass  and  indifl- 
rubber  combined^  or  of  quarter-inch  india-rubber  tubes  alone. 
It  may  be  also  ordered  as  ''sulphide  of  hydrogen  apparataa/' 
and  supplied  in  condition  for  immediate  use. 

The  bottle,  A,  is  first  placed  on  a  suitable  boanl,  and  sup* 
plied  with  about  an  ounce  of  aulphuret  of  iron ;  the  Fmall  bottle 
18  half-filled  with  water;  then,  after  the  corks  are  drilled  and 
tubed  as  shown,  they  are  moistened  and  inserted,  in  au  air- 
tight manner,  into  the  necks  of  the  bottles,  with  the  hist  beat  J 
tube  into  and  near  the  bottom  of  a  glass  tumbler  that  cott-  ■ 
tains  the  solution,  just  as  shown.     The  bed-plate  or  tmy  that 

C«t  33. 


contains  the  vessels  is  now  moved  out-doors,  or  to  a  chimney 
(as  this  gas  is  very  disagreeable  and  poisonous),  and  the  J 
bottle,  A,  18  first  supplied,  by  way  of  the  long  fuimel  tube,  1 
with  sufficient  water  to  cover  the  sulphide  of  iron^  and  then 
with  concentrated  salphuric  acid,  when  the  sulphide  of  hydro- 
gen gaa  is  formed,  and  being  prevented,  by  the  liquid  which 
rises  in  the  tube,  from  direct  escape,  it  passes  first  through 
the  water  in  the  small  bottle,  where  it  is  cleansed  from  a 
mechanical  substance,  and  thence  tlirnugh  the  solution,  a 
precipitates  the  tin  in  a  yellowish  brown  sulphide  form,  which! 
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becomes  darker  on  exposure  to  air.  The  gas  should  be 
passed  through  until  the  solution  smells  very  strongly 
thereof,  when  moved  away  from  the  supplying  pipe. 

The  solution  may  be  now  carefully  poured  off  from  the 
precipitated  sulphide  of  tin,  and,  after  the  precipitate  has 
been  well  washed  by  water,  it  may  be  gently  roasted  in  a 
platinum  or  a  smooth  French  crucible,  at  a  low  re<l  heat, 
until  all  sulphurous  smell  ceases;  then  the  cold  contents 
may  either  be  re-heated  with  a  little  carbonate  of  ammonia, 
and,  when  cold,  weighed  as  oxide,  and  then  multiplied  by 
the  decimals  .7838  for  metallic  tin;  or  be  actually  reduced 
to  metallic  tin,  by  fusion  with  carbonate  of  soda  and  cyanide 
of  potassium,  under  either  of  the  fire  methods  that  may  be 
found  most  convenient  for  the  occasion. 
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CHAPTER    XII. 


ASBAYIKG    OF    MERCURY. 


There  are  many  ways  by  which  mercury  can  bo  assayed) 
both  by  fire  and  humid  metliodB;  and  three  may  be  more 
particularly  commended  to  the  miner,  for  hie  practical 
purpo8e8, 

1.  Assaying  Mercury  by  Crucible  or  Scorieier. — Nearly 
all  the  mercury  of  commerce  ia  derived  from  cinnabar,  and 
it  18  generally  found  tolerably  free  from  other  volatile  sub- 
etances;  so  that  it  may  be  estimated  sufficiently  near  for 
practical  purposes,  by  roasting  say  100  grains  of  unfluxed  ore 
in  a  suitable  vessel  (as  a  scorifier,  roasting -cup,  smooth 
French  crucibtej  or  platinum  crucible),  at  a  red  heat,  for  about 
fifteen  minutes,  when  the  difference  of  the  weights  of  the 
vessel,  bi^oix  and  after  roa^/m^— as  both  sulphur  and  mercury 
are  thus  entirely  volatilized — will  equal  the  weight  of  the 
ore. 

This  loss  of  weight,  multiplied  by  the  decimals  .8621,  will 
give  the  theoretical  quantity  of  metallic  mercury;  and,  by 
obtaining  your  own  real  working  multiplier ,  the  quantity  that 
can  be  obtained  in  practice. 

2.  Assaying  Mercu  ry  by  Retorting  the  Fluxed  Samplb*^ — 
Mercury  can  be  accurately  assayed,  in  whatsoever  form  it 

may  exist,  by  being  heated  to  redness  in  a  closely  covered 
iron  retort,  similar  to  those  used  by  amalgamators,  with  the 
following  fluxes,  etc, 

A.  To  every  100  part^  (in  weight)  of  the  sample  of  ore, 
add  the  quantifi/  stakd  of  OJie  of  the  following  substances: 
Iron  or  copper  filings,  30  parts;  or  of  black  flux,  60  parts; 
or  of  an  equal  mixture  of  powdered  charcoal  and  Hme,  70 
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^its;  these  must  be  fii'st  very  intimately  mixed  together, 
t<l  then  covered  with  a  thin  layer  of  the  same  flux. 
Gradually  heat  to  low  red,  then  to  red,  where  keep  it  for 
imne  ten  miuutee,  until  mercury  ceases  to  come  through  the 
»ck  of  the  retort,  and,  after  lightly  tapping  the  neck  of  the 
^^rt,  weigh  the  metallic  mercury  for  percentage. 

^.  Take  100  grains  of  ore,  flux  and  mix  as  above,  and 
pl^ce  the  mixture  in  a  thin.  Florence  flask  (as  a  salad  oil  flask), 
and  warm  the  bulb  to  red  heat  over  a  charcoal  fire  for  twenty 
ti  nates,  keeping  the  long  neck  almost  horizontal,  and  quite 
►Id  by  a  watered  rag,  so  that  all  the  mercury  may  deposit 
the  n^ck.  liemove  the  rag,  and,  when  the  bottle  is  cold, 
l^  the  neck  round  ju^t  below  the  mercury,  and  break  it  off 
im  the  bulb;  now  slowly  dry  it  at  about  150°  of  heat; 
''oigh  the  mercury  and  glass,  then  free  it  from  the  mercury, 
ft^d  re-weigh  the  glass;  the  difference  will  be  the  weight 
*iid  percentage  of  the  mercury. 

0.  Treat  10  grains  of  ore  in  a  long  test  tube,  in  a  similar 
niatmer  as  under  the  last  sub-heading,  B,  and  weigh ;  when 
€ach  tenth  grain  will  be  the  unit  of  percentage. 


3.  AssAYtNQ  Metallic  Mercitby  by  Water-wash ino. — 
First  wash  100  grains  of  the  sample  in  a  cupful  of  clean 
^ water,  then  pour  the  water  away ;  then,  afler  repeating  this 
rice  or  thrice,  half-fill  with  water,  and  dissolve  about  10 
grains  of  cyanide  of  potassium  therein,  and,  after  again 
ling  the  sample  with  a  circular  sway  in  this  liquor,  it 
'  bo  warmed,  and  allowed  to  remain  until  cold. 
Tow  concentrate  and  free  the  mercury  from  all  the  lighter 
igue,  by  water- washing  it  over  the  margin;  then  gently 
the  mercury  over  warm  water,  and  weigh  in  a  balanced 
ip  for  percentage.  K  cinnabar  should  be  also  present,  the 
lifference  of  this  weight  and  that  of  either  of  the  assays 
aade  under  the  second  heading,  by  letters  A,  B,  and  C,  will 
ive  the  percentage  of  mercurj'  that  was  contained  in  the  ore. 
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CHAPTER    XIII. 


ASSAYING   OF   IRON. 

Iron  cannot  be  estimated  by  fire  with  great  accuracy,  but 
can  be  approximated  sufficiently  near  for  all  j>ractical 
purposes. 

1.  By  Crucible. — Here,  again,  the  chemistry  of  the  assay 
may  be  very  much  simplified,  as  well  as  the  result  regulated 
and  produce  enhanced,  by  the  preliminary  roasting  of  all  its 
ores,  into  the  one  constitutional  form  of  peroxide. 

A.  Take  two  samples,  of  100  grains  each,  of  the  finely 
pulverized  and  carefully  averaged  ore,  and  roast  them  in  sco- 
rifiers  for  at  least  one  hour,  during  frequent  stirring,  in  a 
muffle,  at  a  red  heat,  until  it  has  a  red,  earthy  appearance. 

B.  Take  two  London,  Cornish,  or  French  crucibles,  of 
about  five  inches  high,  which  line  with  charcoal,  by  placing 
smaller  and  similar  crucibles  within,  and  ramming  moistened 
charcoal  between  the  vessels. 

The  inner  crucibles  may  be  withdrawn,  by  suitable  jostling 
and  twisting  motions ;  and,  when  slowly  driedj  they  are  ready 
for  use. 

C.  Intimately  mix  this  roasted  (100  grains)  sample  with 
100  grains  of  one  of  the  carbonates  of  lime  (as  chalk,  marble, 
or  calc  spar),  with  100  grains  of  common  window  glass,  that 
is  free  from  lead,  and  with  one  part  of  charcoal,  all  finely 
pulverized. 

D.  Transfer  these  mixtures  to  the  duplicate  charcoal-lined 
crucibles,  and,  after  filling  the  remaining  spaces  with  small 
pieces  of  charcoal,  the  lids  must  be  luted  on  with  fiire-clay. 

£.     Place  the  crucibles  in  the  furnace,  and  raise  them 
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LO^^rly  to  a  red  heat;  then  increase  to  white  heat;  and,  being 
ane  kept  for  fall  twenty  minutes,  they  may  be  withdrawn, 
n.^  gently  tapped  on  the  top  of  the  furnace,  to  settle  the 
mall  floating  buttons  into  the  one  large  button  at  the 
bottom;  the  buttons  may  be  removed  and  weighed,  when 
iold,  for  percentage  of  iron. 

If  the  buttons  are  still  separated,  they  may  be  collected 
iom  the  pulverized  slag  by  magnet,  or  by  water-washing, 
irying,  etc.,  as  described  at  pages  152  and  153.     , 

The  heavier  of  the  two  buttons  should  be  taken,  as  being 
la^arer  to  the  true  result  from  properly  averaged  samples. 

The  metal  should  not  be  so  brittle  as  to  break  into  powder 
lUider  the  hammer ;  but,  rather,  to  flatten  slightly  in  a  semi- 
ductile  manner,  then  crack  around  the  edges,  and  fracture 
u^  a  similar  manner  to  whitish  cast-iron. 

2.  Assaying  of  Iron  by  Water  Concentration. — Some  of 
^  Tiwre  compact  and  slightly  friable  iron  ores  can  be  assayed 
very  closely  by  water  concentration,  and  subsequent  calcula- 
tion, either  from  their  constitutional  or  previously  tabidated 
percentages,  from  the  weights  of  their  dried  heavy  residues; 
1^©  most  prominent  of  which  are  the  magnetic  iron  ores,  the 
carbonate  of  iron,  common  iron  pyrites  (bi-sulphuret),  arsen- 
ical iron  pyrites,  and  the  worthless  tungstate  of  iron. 

Thse  can  be  assayed  by  carefully  concentrating  100  grains 
of  ore,  as  pulverized  and  averaged  by  the  method  fully 
described  in  Chapter  I  (pages  120,  121,  and  122),  and  multi- 
plying the  weight  of  the  dried  residues  by  either  their  con- 
Btitutional  or  tabulated  practical  percentages,  and  dividing 
by  100. 

There  are  others,  which  include  all  that  pulverize  freely  to 
•  red  and  impalpable  powder,  that  cannot  be  thus  assayed  to 
even  an  approximate  degree  of  accuracy;  for  the  wluAe  may  be 
^^B  passed  away  in  mechanical  solution,  by  continued  pul- 
veozation,  and  additions  of  water. 

8.  Approximate  Assay  of  Iron,  as  Governed  by  Volume 

^Wmoht,  from  Tabulated  Comparisons  with  I^ercknt- 

A»B8  OP  Pebviously  Made  Fire  or  Humid  Assays. —  7'he  last 

^^^"f^  friable  ores  that  cannot  be  assayed  by  water,  as  well  as  all 

22 
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ike  other  ores,  that  can  be,  may  be  estimated  for  p^^actical  wortinf] 
purposes^  on  the  peculiur  and  particular  ores  of  the  same  mtm,  ] 
for  the   ordinary/  manipulative   purposcy  in   the  following  esct- 
ready  and  costless  manner, 

accord  everj^  assay  that  you  bave  occasion  to  make  or  I 
obtain,  by  fire  or  acids,  in  working  on  tbe  large  scale,  in  its' 
proper  place,  into  one  long  column^  that  has  a  Una  for  each 
profitable  unit  of  percentage;  and,  for  every  assay  thus  or^W' 
ally  made,  take  one  7neusure  of  the  ore  (say  a  tin  yeast-box,  or 
a  coverless  tin  flour-dredge,  which  has  been  balanced  by  ^ 
suitable  balance-weight  kept  for  the  purpose),  Btrikingitoff 
straight  across  over  the  top,  and  record  its  weighi  in  tbe  oppci^ 
fiite  corresponding  unit  of  another  column,  for  future  reference i 
and  in  a  short  time  you  will  have  a  sufficient  aeries  mi 
the  required  range  of  percentage. 

The  ore  musl^  as  a  matter  of  necessity^  for  this  and  ordmars/^ 
practice^  be  passed  through  the  same  fine  sieve ^  and  it  will  bef(ntn 
mere  accurate  to  settle  down  the  powdered  ore  by  tapping  ligktltf  oH 
the  sides  of  the  vessel  until  it  will  receive  no  more,  than  merely j 
ing  and  striking  off  without  it;  but  a  third  column  may  be  added 
to  show  the  weight  of  both  results,  for  better  comparison. 

The  ore  must  also  be  perfectly  dry,  at  all  times  alike^  for  (k^m 
fire,  the  humid,  and  measure  estimations,  V 

The  high  percentage  of  the  iron  ores,  the  rare  and  trifling 
presence  of  other  metallic  minerals,  and  comparatively  grea 
dittereuce  of  the  specific  gravities  of  the  ore  and  gangue 
together  with  the  difficulty,  uncertainty,  and  erpense 
making  either  the  humid  or  fire  assay,  render  this  mod4 
much  more  accurate  and  valuable  for  the  iron  than  for  mo 
other  assays,  TSTiich  fire  or  wet  assay  might  be  made  bj 
any  distant  assayer,  for  this  one  purpose,  for  your  equivale»^ 
guide,  when  repeated  by  both  measure  and  weight,  »^ 
required. 

Indeed,  it  would  be  quite  a  desideratum  for  the  iron  miner^  \f  ^ 
did  no  more  than  indicate  by  one  example,  in  this  prompt 
the  zero  of  percentage  that  should  not  be  shipped  for  the 
furnace^  or  the  market 

4.  The  Humld  Assay  of  Ikon — Is  greatly  simplified  aa«J 
facilitated  by  a  preliminary  roasting  of  about  an  hour,  at  * 
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fill!  red  heat,  which  (by  volatilization)  bring  the  ores  that 
contain  the  most  refractory  elements  for  humid  treatment 
into  the  same  state  as  the  other  natural  ores,  which  yield 
more  readily  to  the  action  of  acids. 

The  following  is  perhaps,  under  all  conditions,  as  easy  and 
safe  a  means  as  can  be  employed  by  the  miner,  who  is  not 
^ell  versed  in  chemical  reactions  and  manipulations,  and 
supplied  with  the  numerous,  complicated,  and  expensive 
fecilities  that  would  be  otherwise  required. 

A.  Roast  50  grains  of  averaged,  finely  powdered  ore  in  a 
W'ell  chalked  cup,  or  crucible;  and,  after  scraping  the  whole 
of  the  ore  from  the  roasting-cup,  it  should  be  again  pulver- 
ized and  gently  boiled  for  a  half-hour,  with  about  six  times 
its  volume  of  ^^aqua  regia,*'  in  a  small  glass  flask  or  porce- 
lain dish,  placed  on  the  wire  ring  over  the  lamp  (as  shown  at 
p&ge  824,  Cut  32),  so  regulating  the  heat  that  no  liquor  shall 
^^  projected  over  the  vessel  by  excessive  ebullition. 

B.  Allow  it  to  stand  and  cool  down  for  a  few  minutes, 
ttntil  the  liquor  becomes  clear,  by  the  settlement  of  the  solid 
portion,  and  carefully  pour  it  into  some  other  suitable  vessel, 
^at  has  also  a  pouring  lip ;  then  treat  the  solid  residue  with 
^'^ther  quantity  of  the  acids  in  the  same  mannet,  and  unite  the 
two  liquors  into  the  one  basin. 

C.  This  solution  must  be  now  completely  evaporated  by 
Wling;  after  which,  the  soluble  parts  of  the  dried  residue 
oxnst  be  again  dissolved,  in  about  the  same  quantity  of  an 
^ual  mixture  of  hydro-chloric  acid  and  water. 

D.  This  is  then  filtered,  and,  after,  the  two  insoluble 
i^idues  are  placed  (or,  rather,  washed)  upon  the  filter,  it  is 
^ell  washed  by  additional  water,  to  pass  the  last  relics  of  the 
^d  through  into  the  solution,  so  as  to  obtain  all  the  iron. 
Wore  it  is  put  aside  for  precipitation. 

E.  It  may  now  be  warmed,  when,  by  adding  an  excess 
of  ammonia,  the  iron,  with  the  alumina  (that  will  also  be 
^ly  oftA  found  present)  can  be  precipitated.* 

The  alumina  may  be  separated  from  the  sesqui-oxide  of 

*The  warming  ii  not  imperatiyely  nccessarj,  but  will|  by  lessening  the 
I'^MiBoai  MtioD,  greatlj  faciliUte  the  subsequent  filtration,  etc. 
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iron,  after  they  have  been  first  well  washed  with  water, 
being  boiled  with  caustic  potassa  for  some  time,  iu  a  thiij 
porcelain  dish,  over  the  lamp,  as  in  the  first  acid  stage,  wide 
dissolves  out  tlie  alumina,  leaving  the  oxide  of  iron,  whiclj 
may  be  now  well  washed  with  water,  perfectly  dried  at  212' 
(over  the  sauce-pan,  as  previously  dcscrilied,  if  you  have  i 
more  usual  means) ;  then  ignited,  to  burn  oft*  all  the  surpln 
weight  of  i>aper  over  a  clean  saucer  by  the  aid  of  a  matcli 
and  weighed. 

This  w^eight,  multiplied  by  .70,  will  be  the  percentage  < 
metallic  ii*on. 

6,     If  it  be  det^irable  to  ascertain  the  percentage  of  the ' 
insoluble  portion  of  silica,  eta,  the  weight  thereof  will  show^ 
it,  after  its  filter  has  been  thoroughly  dried,  and   remove 
therefrom  by  complete  ignition. 

H-  So  the  lime  and  magnesia  can  be  known  (to  pr 
for  more  exact  fluxing),  by  first  adding  to  the  original  an 
niacal  solution,  from  whence  the  iron  was  precipitated,  sal- 
ammoniac  (chloride  of  ammonia),  which  jjrevenls  magoeeii 
from  being  precipitated ;  and  then  adding  oxalate  of  ammo-1 
nia,  to  precipitate  the  lime  as  oxalate  of  lime,  which  majbei 
changed  to  carbonate  of  lime,  as  it  was  in  the  rock,  and  fotl 
flox,  by  being  warmed  to  a  red  heat,  with  a  little  sHghtl/j 
moistened  carbonate  of  ammonia ;  and  then  simply  weighed  j 
as  such,  for  percentage. 

L    The  magnesia  can  be  now  precipitated  from  the  soW 
tion  by  addition  thereto  of  phosphate  of  soda,  which,  aftefl 
being  washed,  dried,  ignited  (by  a  match,  to  burn  off  th^J 
weight  of  paper),  and  weighed,  may  be  closely  approximat* 
for  magnesia  by  maltiplyieg  by  the  decimal  ,36. 

These  re-agents  should  be  in  liquid  state,  as  dissolved  i^ 
water,  and  be  filtered  thmugh  clean  and  pure  Ulters  into  th^ 
solution  that  is  being  analyzed. 
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CHAPTER   XIV. 


ASSAYING  OF  MANGANESE  AND   ZINC. 

1.  By  Crucible. — The  pulverized  oxides  of  manganese 
may  be  reduced  into  metal  by  being  mixed  with  oil  into  a 
past^  or  ball,  and  subjected,  for  some  twenty  minutes,  to  the 
greatest  possible  heat  that  can  be  obtained  by  the  furnace. 

The  metal  itself  iSy  however ^  of  no  value,  either  for  use  or 
ornament,  as  it  is  so  very  infusible,  hard,  and  brittle;  of  grayish 
white  color,  which  tarnishes  quickly  in  air,  and  is  rapidly  oxidized 
when  heated.  In  one  of  its  mineral  conditions,  that  of  peroxide^ 
His  of  great  use  in  the  laboratory,  in  the  arts,  and  in  metallurgy, 
md  the  quantity  of  oxygen  that  can  be  extracted  therefrom  is  con- 
sequently its  best  measure  for  useful  value. 

2.  Estimation  of  the  Oxygen  that  is  Free  for  Extrao- 
TPiOK,  BY  Heating  to  Redness  in  the  Muffle. 

A.  Warm  100  grains  of  the  averaged,  finely  powdered 
ore,  in  a  scorifier,  or  roasting- cup,  tor  a  half  an  hour,  in  a 
ttinffle,  at  a  red  heat;  remove  it  therefrom,  and  weigh,  after 
it  is  quite  cold,  as  this  heat  has  caused  the  removal  of  the 
JMorter  of  its  real  quantity  of  oxygen,  and  one-half  of  its  dis- 
posable quantity  for  the  production  of  chlorine  gas;  and  as 
the  pure  peroxide  of  manganese  would,  when  thus  treated? 
ifilease  9.25  per  cent,  of  oxygen,  it  follows  that  the  loss  of 
^cight  sustained  measures  its  ratio  of  value.  For  example, 
tf  this  loss  is  say  6  grains,  then  it  stands:  as  9.5  is  to  6,  so  is 
Wo  to  its  comparative  percentage  of  value,  as  compared  with 
^^  pure  oxide;  or,  100  multiplied  by  6  and  divided  by  9.5, 
^uds  its  percentage  value  of  63.1. 

luthis  mode  of  assay,  there  must  not  be  any  native  metals, 
^•j  present,  which  would  increase  the  weight  by  oxidation; 
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nor  anj^  compounds  that  would  undergo  cTianges  at  red  heat;l 
neither  of  which  are  very  coranion  in  this  ore.     Tfcw 

is  but  an  approximation. 

B.    A  lokiie  heat,  applied  as  above^  displaces  ane-half  of  i 
oxygefij  which  is  all  that  ca7i  be  rmlizedfor  the  practical  purpoj^ 
of  obtaming  either  oxygen  or  chlorine  gases;  but  this  is  not 
readily  nor  surely  accomplished  as  the  quarter  by  red  heat 

3,  Assaying  the  Peroxide  of  Manganese  by  Water  Cok- 
CENTRATioN.^Thc  peroxide  of  manganese  is  the  only  valua 
ble  one  of  these  minerals  j  which  ia  black,  or  slightly  brown- 
ish black  J  when  powdered. 

It  may  be  concentmted  by  water,  with  trifling  loss;  and 
when  free  from  iron,  which  must  be  first  tested,  it  is  seldom 
associated  to  any  extent  with  the  other  minerals. 

It  may  be  concentrated  in  the  manner  of  lead,  antimoQj# 
tin,  copper,  etc.,  dried,  and  weighed  for  percentage  of 
weight. 

The  pure  peroxide  of  manganese  contains  of  oxygen^  3T 
per  cent.,  18.5  of  which  is,  as  stated,  the  useful  half,  which 
alone  can  be  extracted  in  practical  requirements;  so  that  the 
concentrated  weight  being  ascertained,  the  ratio  of  percent- 
age may  be  also  known  by  calculation,  as  before. 

The  multiplier  may  be  made  for  your  own  mine,  as  in  the 
other  instances;  or  a  double -column  table  maybe  founded 
from  the  next  following  correct  chemical  method. 

4.  The  IIuMrD  Assay  of  the  Peroxide  of  MANGAXBgE.--'     1 
The  following  method  is  sufficiently  accurate  for  all  the  pur- 
poses of  the  metallurgist,  and  can  be  performed,  with  hxfi 
little  difficulty,  by  an  amateur.  ^ 

A,  Thoroughly  clean  the  sulphide  of  hydrogen  apparattt*^ 
(shown  by  Cut  33,  at  page  332),  and  place  100  grains  of  th^ 
manganese  ore  into  flask  A;  after  stopping  down  the  vesselH 
perfectly  gas-tight,  with  the  tubed  corks,  as  shown,  anc^ 
nearly  filling  the  receiving  tumbler  with  lime  water,  po 
do%vu  the  long  funnel  tube  of  vessel  A  about  600  grains 
hydro-ehlorie  acid  (muriatic)  upon  the  ore,  and  apply  gentl 
warmth  from  a  lamp  (or  by  placing  Ijottle  A  in  a  small  sail 
pan  of  cold  water,  and  then  warming  it  over  a  fire. 
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e  chlorine  gas  thus  formed  passes  over  into  the  second 
ttle,  and  thence  in  to  the  tumbler  (or  any  other  larger  ves- 
!),  and  through  the  lime  water,  and,  having  strong  affinity 
r  the  lime,  it  instantly  forms  a  chloride  therewith,  from 
hich  the  quantity  of  chlorine  can  be  readily  ascertained  by 
□uple  calculation. 

It  will  be  necessary  to  have  an  excess  of  lime  water  in  the 
ecipitating  tumbler,  and,  before  finishing  the  analysis,  to 
ive  overall  the  chlorine  gas  into  the  lime  water,  by  pouring 
iter  down  the  long  tube  of  A,  so  as  to  first  fill  this  vessel 
th  watered  acid,  and  then  to  expel  the  gas  from  the  second 
8sel,  by  blowing  into  the  funnel  tube  just  suiBcient  air  to 
rce  over  the  thus  diluted  acid  therein,  until  this  bottle  also 
mes  freed  from  the  remaining  chlorine  gaa.  The  lower 
id  of  the  discharge  tube  in  the  second  bottle  should  be 
596  up  under  the  cork. 

Care  must  be  taken  that  neither  the  breath  nor  the  diluted 
^dro-chloric  acid  shall  pass  over  during  this  expulsion  of 
Jorine  gas,  as  the  former  would  form  carbonate  of  lime, 
4  the  latter  chloride  of  lime,  which  would  cause  an  error 
the  result. 

The  solution  in  the  tumbler  may  now  be  filtered,  so  aa  to 
illect  the  chloride  of  lime  on  a  previously  dried  and  baUineed 
ier,  which  must  be  dried  at  212  *^,  in  a  suitable  water  oven,  or 
directed  at  page  293,  over  a  sauce-pan  of  boiling  water. 
The  100  grains  of  pure  oxide  of  manganese,  when  thus 
^ated,  release  from  the  acid  about  75  of  chlorine  gas, 
hich,  by  uniting  in  this  tangible  manner  with  lime,  form 
7.2  of  the  chloride  of  lime;  and,  this  dried  weight  being 
town,  the  weight  or  percentage  of  the  gas  that  has  been 
oduced  from  the  ore  may  also  be  known,  as  follows, 
ff  the  weight  of  the  chloride  of  lime  produced  from  100 
mos  of  ore  was  say  58.6,  then  it  would  be,  as  117,2  is  to 
i,  so  is  your  weight  of  58.6  ti*  the  weight  of  chlorine  gaa 
aiized  from  your  «»re,  and  its  ratio  of  percentage  value  in 
»ctice.     Or,  I*i«5f  =  37.5, 

ui.a 

If  you  take  a  lesser  quantity  for  the  assay,  as  50  or  20 
^  rst  multi{ily  by  2  or  by  5,  to  throw  the  quantity  into 
L-  :  -  IT  lis,  and  still  proceed  to  figure  for  value  a?  in  the 
ing  paragraph. 
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ASSAYING   OF   ZINC. 

1,  By  Wateh  Concenteation»  — The  zinc  ores  may  be 
approxiniated  f»iF  perceutage  by  water  treatment  in  precisely 
the  same  manner  as  the  ores  of  lead,  antimony^  copper,  tin^ 
iron,  and  manganese;  and  the  weiglit  thus  obtained,  being 
multiplied  by  its  equivalentj  or  praciieali}/  aseeriained  clecimal 
number,  will  give  the  percentage  of  metal;  and  as  the  fire 
assay  ie  tedious,  uncertain,  and  very  difficult,  this  will  be 
very  f^ervieeable  to  the  miner  for  the  every -day  purposes  that 
are  required. 

2.  Humid  Ass^ay  of  Zikc  Ores,  —  Dissolve  100  grains  (or 
any  more  eonvenient  quantitj',  to  suit  your  purpose),  in  foar 
pnvis  of  hydro- ehloric  acid  (muriatic)  and  one  part  of  nitric 
acid,  l)y  l>oiling  until  the  solution  is  evaporated  to  perfect 
dryness,  and  ahnust  to  red  heat;  then  moisten  with  sulphuric 
or  nitric  acid  {not  hydro-chloric),  gently  warm,  until  dis- 
solved; add  water,  and  filter  the  solution  into  a  suitable  ves- 
sel for  precipitation.  Add  a  strongly  alkaline  exccsif  of  aqua 
ammonia,  and  warm^  which  precipitates  any  iron,  or  manga- 
nese, etc.,  as  well  as  the  zinc,  and,  when  in  excess,  re-dissolvee 
the  manganese  and  zinc  into  solution,  which  must  be  again 
filtered,  and  the  residue  washed  with  a  very  dilute  solution 
of  ammonia,  to  can^'  through  the  whole  of  the  zinc,  and,  if 
manganese  is  present,  tliat  also;  and  therefore,  unless  you  have  j 
ascertained  (as  directed  in  Chapter  VI,  under  that  miueraraB 
headiug)  that  it  is  not  prcsmt^  you  had  better  to  be  safe,  and 
separate  it  from  zinc,  as  follows,  before  final  precipitation. 

Add  acetic  acid  to  the  solution,  until  it  becomes  strongly 
acid,  which  keeps  the  manganese  in  the  solution  whilst  the; 
zinc  is  being  precipitated  therefrom  by  sulphide  of  hydrogen 
gas  (that  must  be  generated  in  an  apparatus  shown  l)y  Cut  33, 
and  described  at  page  332),  and  forced  through  this  strongly 
acid  solution  until  all  the  zinc  is  precipitated,  when  this  sul- 
phuret  of  zinc  must  he  collected  on  a  filter  liy  filtration,  well 
washed  by  water,  and  then  dissolved  in  dilute  hydro-chloric 
acid. 

An  excess  of  carbonate  of  soda  must  be  now  added  to  this 
filtered  solution,  until  no  more  carbonate  of  zinc  is  deposited. 

Now  dry  a  dean  JiHer  at  212  *^,  and  balance  or  weigh  it  O] 
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your  scales  accurately,  and  note  its  weight  for  deduction,  if 
weighed;  then  fold  it  into  a  funnel,  filter,  washy  dry  perfectly 
at  212  ^«  and  weigh. 

This  weight,  less  that  of  the  dried  filter,  will  be  the  weight 
of  carbonate  of  zinc;  which,  being  multiplied  by  the  deci- 
mal .8,  will  give  its  percentage  of  metallic  zinc. 

There  are  several  fire  methods  for  assaying  zinc  ores ;  but, 
as  none  of  them  are  even  nearly  exact,  nor  of  easy  execu- 
tion, I  have  deemed  it  better  to  rely  on  the  two  humid 
modes  which  are  given  above,  rather  than  describe  uncertain 
means  for  manipulation. 

The  water  treatment  will  be  suflicient  for  practical  pur- 
poses on  the  mine,  and  the  chemical  for  its  commercial 
estimation. 

The  method  of  volume  and  weight,  previously  described, 
may  be  also  resorted  to,  for  similar  ores  of  the  same  vein,  for 
the  minim  am  percentage  that  will  pay  for  extraction,  so  as 
to  approximate  for  working  purposes,  as  tabled  from  humid 
assay,  or  assays. 

To  ascertain  the  amount  of  gangue,  it  may  be  also  roasted 
for  several  hours,  at  a  high  red  heat,  and  weighed  for  loss  of 
weight  of  ore,  and  the  actual  weight  of  the  non- volatile 
residue  of  matrix. 
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CHAPTER    XV. 


ABSAYIKG   OF   COALS,    A^D   OTHER   FUELS. 

1.  By  Ignition  in  a  Clay  or  Platinum  Crucible.— A 
good  practical  estimate  of  the  quality  of  coals  may  he  made 
by  simple  ignition  of  100  gi'ains  in  a  muffle,  or  in  any  open, 
clear  fii^e,  for  a  sufficient  time  to  consume  the  combustible 
elements,  by  subtracting  the  residue  of  onconsumed  clinker 
and  ash  from  the  original  weight  taken,  for  the  percentage 
of  inflammable  residue. 

The  characters  of  emoke,  flame,  and  duration  of  eoke^ 
with  the  miture  of  clinker,  etc.,  being  duly  noticed  for  qual- 
ity, give  additional  e^4dence  of  superior  or  inferior  quality, 
beyond  the  mere  weight  of  carbonaceous  matter  present* 

2.  Assaying  of  Coals  in  Crucible,  as  Governed  by  Quan- 
tity OF  Carbon  Present*  —  The  most  ready  means  for  the 
estimation  of  a  fuel  is  that  devised  by  Berthier,  the  French 
chemist,  which  may  be  performed  as  follows.* 

Care  must  be  taken  that  the  litharge  is  free  from  minium, 
and  it  is  better  to  purify  it  by  fusing  in  a  clean  crucible,  at  a 
red  heat,  an   intimate   mixture  of  pulverized  charcoal,  3 

*  Dr.  Ure,  iti  the  lupplement  to  the  Dictionftrj  of  Arts,  Mines,  And  Mono- 

*^0»]  aubjcctmg  this  theory  to  the  touchstooe  of  experimpiit,  I  h»ve  fotind  it 
to  be  entirely  fallacjous.  Having  tnixed;  very  intimately,  10  ^ains  of  receotly 
calcined  charcoal  with  1000  parts  of  lith&r^,  both  in  fine  powder,  1  placed  the 
mixttire  tn  a  crucible,  which  was  bo  carefuny  covered  as  to  he  protected  (mm 
all  ftiligiQOUd  fumes,  mnd  exposed  it  to  distinct  ignition.  ' 

'*  No  lees  than  603  grains  of  lead  were  obtained  i  whereas,  bfBerthier's  rale, 
only  340  or  346.6  were  possible.  On  igniting  a  mixiiire  of  10  grains  of  pnlrer* 
ized  anthracite,  from  Merthyr  Tydfill,  with  500  grains  of  pure  litharge,  preri- 
ouslj  fused  and  pulverisied,  1  obtained  380  grains  of  metallic  lead.  Id  a  second 
experiment,  with  the  same  anthracite  and  the  same  litharge,  I  obtained  450 
grains  of  lead ;  and,  in  a  third^  only  350  grains.  It  is  therefore  obvioua  that 
this  method  of  Berthier^s  is  altogether  nugatory  for  ascertaining  the  qaantity 
of  carbon  in  coals^  and  is  worse  than  nselesi  in  judging  of  the  calorific  qtioli'-  j 
tiea  of  different  kinda  of  fuel." 
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grains,  with  1000  grains  of  the  impure  litharge,  which  will 
©xtm^t  the  minium,  and  leave  the  litharge  as  it  should  be, 

I  when  it  can  be  pulverized  and  used  with  greater  confideuce. 
Now  unadulterated  carbon  will  reduce  from  litharge  34.5 
fiTiH5fi  iti  weight  of  lead;  and  hydrogen  103,7  timew  its 
weight  of  lead ;  eo  that  the  amount  thiw  reduced  b^^  any  fuel 
will  give  the  comparative  quality  of  the  fuel, 
I  have  found  it  much  better,  for  practical  purposeg,  to  di&^ 
regard  the  above  data,  and  to  first  take  10  grains  of  finely 
pulverized  coal,  of  hioitm  Jirsl-elass  quality^  with  300  grains  of 
litharge,  most  intimately  mixed  together,  and  covered  by  a 

■  layer  of  another  300  grains  of  litharge ;  then  to  take  another 
10  gi*ains  of  the  fuel  to  be  assayed,  and  next,  after  being 
similarly  prepared,  they  are  placed  aide  by  side  in  a  furnace, 

I  and  slowly  heated  to  redness;  the  heat  is  speedily  increased 
to  white,  when  they  are  withdrawn  from  the  fire,  and 
allowed  to  get  quite  cold  before  the  buttons  of  lead  are 
extracted,  by  breaking  the  crucibles. 
About  20  graiua  of  common  glass  powder  may  be  first  put 
in  the  bottoms  of  the  crucibles,  so  as  to  protect  the  lead  from 
■  the  subsequent  action  of  the  litharge,  and  thereby  produce  a 
more  compact  and  clean  button. 

If  iht  lUhirgt^  whether  pare  or  noL  is  first  intimately  mixed  to 

la  correct  average  of  quality^  as  instnicttd  for  the  preparation  of  an 

ore  assay  y  in  Chapter  I,  and  the  coals  are  both  dried,  t/iere  can  be  no 

redson  why  these  assays  of  yemdne  coalsy  and  that  on  trials  should 

I  not  be  an  exact  eomparisonfor  ratio  of  values;  conducted^  as  they  are^ 

by  both  flux  and  fire^  in  a  precisely  similar  mamier  throughout 

I  have  found  this  exactly  simihir  comparative  duplicate 
t^Bi^  with  ^first-class  eotUs^  or  charcoal^  more  simple  in  execution, 
and  most  reliable,  when  the  litharge  has  been  first  mixed  into 
correct  average,  and  no  considerable  excees  has  been  used. 

John  Mitchell  says,  in  his  large  w^ork  on  Assaying,  that  if 
the  commercial  white  lead  is  used,  insteatl  of  the  impure 
litharge,  much  closer  results  can  be  obtained.  Ho  has  not, 
however,  endorsed  Ure*8  condemnation  of  Berthier'a  mode. 

8.  A,^8AYiNo  Coals  by  Common  Blow-pxpk,  foe  Appeoxi^ 

|tATE  UbsULTS,  when  TrAVBLINO. 

A.    Bum  off  all  the  inflammable  ingredients  of  1  grain 
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of  the  powdered  coals,  in  the  maimer  of  roasting  a  copper 
assay  (as  described  at  page  311),  and  weigh  the  residae  of 
cliuker  and  ash,  for  percentage  of  useless  elements;  which, 
being  deducted  from  the  1  grain,  or  the  100  parts,  \rill  give 
the  combustible  percentage.  Then  compare  it,  by  another 
example,  witli  good  coals. 

B.  Take  a  solid  stone,  and  cut  it  bo  that  it  may  weigh 
just  1  grain,  which  burn  rery  gmily  on  charcoal,  before  the 
blow-pipe *B  flarae,  and  weigh  as  before,  under  A, 

4.  Assaying  Coals  by  Machine. 

A.  Proceed  on  the  quantity  as  weighed  by  weight  B,  just 
as  by  common  blow -pipe,  under  A  or  B,  and  balance,  for 
percentage,  on  calculating  lever, 

B.  Ignite  and  burn  oft^  in  the  crucible,  when  placed  as  a 
muffle  (as  in  Cut  25,  page  266),  similar  to  that  of  ignition  in 
crucible,  as  under  the  first  heading  of  this  chapter. 

5.  The  Estimation  of  the  Sulphur  Associated  with 
CoALS.^ — ThiB  wdll  be  found  very  desirable  for  many  purposes, 
for  it  is  not  only  disagreeable  to  those  who  have  much  to  do 
with  firea,  but  highly  deleterious;  as  it  forms  sulphuric  acid, 
and  various  compounds,  as  the  producta  of  combustion, 
such  as  the  sulphides  of  hy^lrogon,  ammonia,  and  carbon, 
which  attack  the  iron  or  copper  of  steam  and  cooking  boilers, 
so  energetically  that  they  are  soon  rendered  useless;  and 
when  such  coal  is  used  for  the  productiijji  of  illuminating  gas, 
oil  paintings,  colored  fabrics,  and  silver  ware,  become  sadly 
discolored  and  taniished,  unless  the  gas  mannfactnrers  apply 
the  proper  means  for  ijurification. 

The  following  method,  given  in  John  Mitcheire  large  work 
on  Assaying,  will  be  found  very  efBeient  for  your  purpose. 

"Pipocfw. — 1  part  of  the  coal,  finely  pulveriyied,  is  miied  with  7  or  8  pftftt 
of  nitrftte  of  potashp  and  \%  parts  of  common  isali,  and  4  parts  of  CArboiiate  of 
potiLsh,  all  of  which  saline  matters  must  he  perfectly  pure;  the  mixture  is  then 
placed  in  si  phxtinam  crucible,  and  gently  heated.  At  a  certain  temperature, 
thv  whole  ignites  and  imrn;^  4^uietly  ;  the  operation  is  fioished  when  the  ma^a  is 
white.  It  must,  when  cold,  be  dissolved  in  water,  the  solution  sliphtly  acidu- 
lated hy  means  of  hjdro^chloric  acid,  and  chloride  of  harium  added  to  it  as 
long  as  white  precipitate  forms.  This  precipitate  is  siilphatft  of  baryta^  which 
must  be  collected  on  a  filter,  washed,  dried,  iguited,  and  weighed ;' every  116 
ports  of  it  indicate  16  of  sulphur/' 
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SECTIOIST   IV. 

MINING  AND  ENGINEERING. 
CHAPTER    I. 


EDUCATION   OF   A   MINING   ENGINEER. 

The  appellation  of  ''Mining  Engineer,"  being  quite  mod- 
em, is  not  very  generally  understood. 

It  embraces  most  of  the  duties  of  Military,  Civil,  and 
Mechanical  Engineers;  those  of  the  Surveyor,  Geologist, 
Mineralogist,  Assayer,  and  Metallurgist,  as  well  as  that  of  the 
Miner;  for  he  has  to  excavate  all  kinds  of  earth  and  rock 
works,  etc.,  during  his  whole  life-time,  amidst  the  greatest 
dangers;  he  has  to  construct  steam  and  horse  roads,  bridges, 
aqueducts,  and  canals;  design,  give  drawings  of,  and  erect 
machinery  for,  pumping,  hoisting,  conveying,  crushing,  sep- 
arating, and  reduction;  be  able  to  plan  and  supervise  amal- 
gamating, chlorinizing,  smelting,  and  refining  works,  when 
more  advantageous  to  smelt  or  refine  on  the  mine,  for  the 
market;  be  sufficiently  acquainted  with  surface  and  subter- 
ranean surveying  to  communicate,  by  shaft  or  level,  to  distant 
workings ;  have  full  practical  knowledge  of  strata  for  general 
contract  prices ;  of  minerals,  for  profitable  quantity  over  cost 
of  extraction;  and  the  best  means  of  beneficiating  the  ores, 
previous  to  their  being  reduced^  by  mill,  chlorination,  or  smelting 
works,  as  well  as  during  their  reduction;  and  be  more  particu- 
larly practised  in  mechanical  engineering,  and  conversant 
with  all  the  practical  minutin;  of  mechanical  armngements 
for  developing  a  large  mine,  both  above  and  below  the  sur- 
face and  the  water  level,  in  the  most  economical  manner,  by 
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correctly  positioned  shafts  and  levels,  witli  suitable  general 
appliances  for  pumjiing,  hoistil\L^  tramming,  stoping,  timber- 
ing, ventilation,  etc. 

He  should  also  be  a  good  business  man,  so  as  to  make 
more  favorable  terms  with  merchants,  carriers,  etc. 

As  it  is  imperatively  necessary  that  any  man  who  would 
be  a  •* Mining  Engineer*'  in  this,  the  proper  definiiion  of  the 
word,  sboiilil  be  acquainted  with  these  several  advanta, 
his  education  must  be  subservient  to  these  purposes. 

Algebra,  Euclid,  and  practical  Geometry,  should  suppl 
logic,  etc*,  so  that  ho  may  be  sustained  by  tlie  more  powerfiil 
auxiliaiy  of  sound  reasoning,  during  his  ever- varying  and 
most  difficult  practical  operations. 

He  should  have,  beyond  tbe  education  of  the  Military, 
Civil,  and  Mechanical  Engineers,  but  suiBcient  instructions 
in  Geology,  Mineralogy,  and  the  chemistry  of  Assaying  and 
Metallurgy,  for  his  practical  purpose;  for  a  comprehensive 
study  of  chemistry  requires  more  time  than  he  has  at  his 
disposal. 

His  brain  should  be  tlie  more  permanently  ombosaed  with 
all  that  is  really  necessary  in  practicej  by  avoidance  of  the 
crowded  confusions  that  are  produced  by  the  cramming  of 
the  mind  with  every  irrelevant  subject. 

Here  must  be  ol>tained  sufficient  scientific  intelligence,  as 
the  germ  for  more  substantial  demonstrations  during  his 
diversified  practical  life;  to  merely  study  high-toned,  isolated 
theory,  and  despii^e  practical  application,  will  be  most  per- 
nicious to  the  true  interests  of  mining,  for  such  men  will  but 
soar  in  dreamy  Icarian  flights,  far  above  the  stratum  of  ordi- 
nary usefulness,  and  seldoni  alight  on  Temi-Jirma^  to  awake 
to  hourly  duties,  and  will  never  succumb  to  those  subterra- 
nean labors  that  must  be  performed  with  industrious  and 
vigilant  care,  to  develop  profitable  mines. 

Although  the  boy  may  be  admired  for  such  outside,  addi- 
tional studies  (as  they  wiU  l>e  forgotten  duriiig  manhood  to 
make  room  for  others),  the  practice  must  be  deprecated  when 
studying  tor  this  business.  As  it  is  at  this  time  most  desira- 
ble that  boys  should  be  educated  in  a  proper  manner  for  this 
new  avocation,  it  may  not  be  out  of  place  to  say  a  few  words 
on  the  subject. 
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In  the  County  of  Cornwall,  England,  which  has  a  railway 
ranning  its  whole  length  of  less  than  100  miles,  the  one 
Central  Mining  School,  after  having  been  much  opposed,  was 
abandoned,  as  inapplicable  for  the  education  of  boys  who 
resided  in  the  several  mining  towns.  K  this  system  worked 
badly  there,  it  will  be  worse  in  this  much  more  extensive 
country,  with  its  scattered  population. 

Your  admirable  public  schools,  being  generally  at  the  peo- 
ple's doors,  might  be  made  the  fountain  of  instruction  for 
this  one  additional  practical  subject;  their  most  favorable 
features  being  that  they  are  within  reuchj  and  non-exclusive. 

The  boys'  high  school  of  each  mining  State  might  be 
made  the  nucleus  and  diffusing  centre  from  which  a  mining 
tutor  should,  in  addition  to  teaching  this  class  at  the  one 
high  school,  travel  occasionally  through  the  mining  towns, 
which  have  local  schools,  to  give  lectures  therein  on  the 
various  mining  subjects. 

A  portable  cabinet  of  tools  and  re-agents,  for  the  assaying 
and  analysis  of  the  minerals,  etc.,  etc.,  etc.,  might  be  either 
carried  from  school  to  school,  or  supplied  to  each  one  sepa- 
rately, for  the  occasional  illustrations  of  the  lecturer,  or  for 
the  continual  practice  of  the  pupils. 

"  One  ounce  of  practice  is  worth  a  pound  of  theory,"  is  an  old 
but  true  saying,  and  not  only  true  in  a  general  sense,  but 
absolutely  imperative  in  the  particularly  difficult  and  danger- 
ous business  of  mining;  so  that  now  commences  the  stem 
reality  for  the  practical  experience  of  the  educated  expert, 
who  is  still  but  a  mere  novice  in  the  true  art  of  mining. 

His  first  steps  in  practice  should  be  to  learn  the  actual 
trade  of  the  mechanical  engineer,  by  working  some  three  or 
four  years  in  a  mining  foundry;  then  he  may  go  out  with  a 
party  to  erect  an  engine,  or  other  machinery,  for  sufficient 
experience  in  this  most  important  part  of  the  business. 

He  should  now  take  lessons  in,  or  study  and  practise,  sur- 
veying. 

And,  lastly,  go  into  a  mine,  to  gain  a  full  knowledge 
of  all  the  different  practical  phases  of  this  business. 

Mr.  J.  Budge,  the  author  of  the  old  Cornish  work  on  Sur- 
veying, etc.,  called  the  "Practical  Miner's  Guide,"  says: 

"The  qoaUfications  mcessarj  to  constitute  an  accompllahed  miner  are  more 
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numerous  and  difliciilt  of  attivinmcnt  than  is  getiernlly  imagined^  vwn  oy  per* 
9008  deeply  iiiterej?ted  in  mining  affiurii,  *  *  *  It  ib  certainly  bi^hlj  desirt* 
ble  that  agents  who  have  the  management  of  iargu  adventures  should  poMcn 
a  general  knowledge  of  everything  connected  with  the  profeaeion  of  a  miner." 

I  regard  that  powerfol  lever  of  his  avocation  already ' 
alliitled  to,  called  Mechanical  EngineeriDg,  as  more  impera- 
tively ucceseary  than  any  other,  as  little  can  be  accomplished 
in  a  proper  manner  without  it,  in  the  extensive  mining  of 
deep  sections;  and  it  is  vastly  better  to  learn  it  in  a  direct 
manner,  at  some  large  raining  foundry,  before  entering  into 
mining  operations,  tlian  to  acquire  knowledge  at  the  enor- 
mous cost  of  continual  errors,  that  most  be  otherwise  most 
frequently  coraniitted  during  long  experience.  For,  thus 
prepared,  and  starting  with  a  full  acquaintance  with  pump- 
ing, hoisting,  tramming^  crushing,  stamping,  roasting,  amal- 
gamating, chlorinizing,  and  sraelting  machinery,  he  will  be 
enabled  to  design  and  forward  his  plans,  by  giving  drawings 
for  what  he  requires  to  be  made  at  the  foundry  or  on  the  mine. 
He  will,  moreoverj  be  a  legitimate  and  much  superior  super- 
visor of  tradesmen,  and  possess  the  self-sufficient  knowledge 
for  laying  out  and  erecting  the  necessary  machinery  upon  the 
surface,  as  well  as  fixing  the  underground  appliances  in  the 
best  possible  manner,  for  pumping,  tramming,  hoisting,  venti- 
lating, timbering,  etc.,  etc.,  which  should  be  planted  in  the 
strongest  possible  manner,  as  all  preliminary  errors  of  this  kind, 
by  causing  continual  waste,  from  oft-recurring  accidents,  will 
subtract  from  the  larger  profits  that  would  otherwise  accrue. 

In  many  far-distant,  mountainous,  and  inaccessible  interior 
regions,  where  good  iron  ore  and  fuel  are  plentiful,  it  is  often 
most  advantageous  to  have  (in  addition  to  the  usual  smith's, 
fitter's,  carpenter's,  timberman*s,  and  pitman's  workshops)  a 
smelting  furnace  and  casting  foundry,  so  as  to  repair  or 
renew,  by  actual  manufacture,  the  heavy  wearing  parts  of  the 
various  machinery,  by  which  much  expense  and  loss  of  car- 
riage, etc.,  may  be  saved,  and  transferred,  to  enhance  the 
profits  from  large  mines. 

The  further  knowledge  of  rocks,  minerals,  and  mining, 
must  be  acquired  by  long  practical  observation  and  experi- 
ence, 80  as  to  be  of  any  really  serviceable  benefit,  for  the 
working  purposes  of  extraction  and  beueficiation,  or  for  the 
estimation  of  the  value  of  veins. 
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A  man  constituted  with  persevering  acquisitiveness,  who 
has  industrious  habits,  and  sufficient  firmness  to  contend  with 
the  difficulties,  dangers,  and  uncertainties  of  this  avocation, 
can  become  acquainted  with  these  necessary  qualifications, 
both  of  education  and  practice,  in  from  fifteen  to  twenty 
years;  and,  if  he  possesses  sufficient  integrity  and  honesty 
towards  employers  to  condemn  what  he  deems  unprofitable, 
he  is  indeed  worthy  of  his  hire,  and  is  a  boon  to  the  whole 
mining  community. 

The  financial  leaders  of  mining  companies  have  too  often 
disregarded  their  most  substantial  interests,  in  this  connec- 
tion; for  they  have  shown  no  more  dibcretion  when  selecting 
their  superintendents  than  gratitude  to  the  few  honest,  quali- 
fied experts,  who  have  sought  other  employment,  rather  than 
waste  their  funds  on  unworthy  properties,  from  the  deplora- 
ble fact,  that  market  gambling  or  swindling  companies,  have 
been  more  the  rule  than  the  exception.  Such  men,  having 
sought  to  make  money  in  this  manner,  neither  desire  advice, 
nor  deserve  sympathy ;  but,  unfortunately,  it  does  not  end  with 
them^  as  this  capital,  properly  expended,  would  have  fostered 
and  established  mining  as  a  staple  industry,  instead  of 
degrading  it,  as  the  rock  that  should  be  avoided;  so  that  if 
mining  did  not  infatuate  more  than  deter,  the  results  would 
have  been  most  disastrous,  as  the  enormous  mineral  resources 
that  are  even  now  being  wrought  in  the  Pacific  States  and 
Territories  would  have  still  remained  concealed. 

There  are  those  who  select  with  systematic  caution,  and 
mine  by  rule,  as  they  would  manufacture  or  navigate,  by 
beacons  that  warn  and  guide  them  from  loss,  to  a  secure  and 
profitable  haven,  where  the  insurance  is  guaranteed,  under 
the  steerage  of  the  qualified  pilot. 

Nothing  can  be  more  antagonistic  to  the  real  advance  of 
raining  interests,  than  those  twin  banes,  the  ever-sanguine, 
unscrupulous  ^'Market  miner,''  and  the  clean-fingered,  kid- 
gloved,  Icarian  notioned,  fully  graduated  ^^  College  expert;** 
for  the  former,  under  the  exonerating  fosterage  of  swindling 
stockjobbers,  by  his  shrewdly  concocted  mythic  reports,  sus- 
tains worthless  mines;  whilst  the  latter,  insanely  patronized 
by  moneyed  stockholders  (a  mere  theoretical  embryo  of  what 
a  mining  engineer  should  be),  presumptuously  engages  to 
28 
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superintend  the  most  difficult  operations  of  this  preeminently  j 
extensive  avocation,  where  all  must  be  conducted  according  I 
to  the  practices  of  tradesmen,  who  have  been  educated,  by  ft 
life's  experience,  for  this  particular  business. 

These  subordinates,  having  to  do  (he  real  duties  of  mining, 
will  despise  a  mere  scientist  as  manager,  who  lacks  these 
imperatively  necessary  practical  qualifications;  the  miner  will 
bamboozle  him  at  every  turn,  in  the  intricate  and  dangemuB 
ramifications  of  mining;  the  timberraan,  having  the  exact 
length  of  his  feet,  will  yoke  them  with  a  pair  of  "lamb's 
legs,**  which  the  pitman  will  fasten  with  a  ''German  key;" 
the  carpenter  will  fix  his  hands  in  the  bench  screw,  until  he 
cries  enough;  when  the  blacksmith  should  lead  him  by  the 
nose,  with  red-hot  tonga,  off  the  ground  so  consecrated  by 
practice;  and  the  miller  will  derisively  follow  in  his  wake, 
as  he  pelts  him  with  alimy  pulp ;  thus  he  will  be  at  the  mercy  | 
of  every  practically  efficient  squeezer,  until  the  professor 
has  learned  that  one  ounce  of  practice  is  worth  a  tw^o  thou- 
sand pounds'  ton  of  theory,  in  such  a  place;  and  that,  for 
such  a  purpose,  theory  but  takes  notes,  wliilst  practice  leads 
the  way  to  success. 

Would  these  same  gentlemen  put  oiie  of  those  practical 
men  to  superintend  a  college,  or  even  to  teach  its  lowest 
class?  Certainly  not.  Then  why  put  the  collegian  to  6up€^ 
intend  a  mine  and  mining  men?  For  one  is  just  as  consisteci 
as  the  other. 

For  such  abundantly  palpable  reasons  as  these,  it  Teiy 
rarely  happens,  in  the  old  mining  countries,  that  a  man  under 
the  age  of  forty  years  is  selected  to  manage  a  mine ;  and  even 
the  underffround  agmts^  or  sub -^^^ bosses j*'  who  require  bat 
thorough  knowledge  of  excavation,  seldom  obtain  an  appoint-  M 
ment,  who  arc  under  the  age  of  thirty  years.  ■ 

It  is,  however,  but  too  true  that  many,  who  have  had  the 
necessary  practical  knowledge,  lacked  sufficient  education; 
but,  if  both  cannot  be  obtained,  choose  the  better  of  the  two, 
as  practice  ean^  n&  it  has  done,  walk  alone;  whilst  isolated  theory 
is  practically  a  cripple. 

Therefore,  plenitude  of  arguments  favor  the  practical 
basis,  on  which  alone  the  superstructural  theory  can  become 
valuable,  for  the  more  substantial  purposes  of  mining. 


METALLUROrSTS     COMPAIHON. 


S56 


Although  it  must  be  admitted  that  the  American  people 
e  the  boldest  and  best  prospectors  in  the  world,  tliia  deplo- 
ble  fact  must  also  be  conceded,  that  their  niinerfi  have  too 
queiitly  undermined  all  rule,  aod  consequent  failures  have 
leen  the  general  results  for  themselves,  whilst  ruination  has 
efallen  those  credulous  or  reckless  adventurers  who  were 
ont  to  become  rich  too  promptly  by  thia  infatuating  busi- 
Worse  than  all  this,  legitimate  miners,  and  the  very 
usiness  of  roining  in  this  country,  have  had  to  aufter  from 
le  mismanagement  and  rascality  of  such  men;  this  interest- 
g  and  most  important  branch  of  industry  has  been  so 
tarded  by  these  reverses,  that  many  years  must  elapse 
sfore  proper  faith  will  be  regenerated. 
The  more  general  history  of  the  sage-bush  mining  schemes 
'  the  interior  may  be  described  in  a  few  worda>  as  follows. 
A  prospector,  or  his  agent,  induces  some  credulous  resident 
f  the  city  to  believe  that  he  has  found,  and  obtained  proper 
le  to,  a  valuable  ledge,  in  an  immensely  rich  country 
here  all  gains  are  greatly  exaggerated,  and  the  losses  are 
ver  named).  After  some  few  interviews,  the  citizen  or 
itizens  agree  to  form  a  "ring,"  and  to  give  the  stipulated 
'ice;  and  then,  being  assisted  by  the  elaborate  reports  of 
gh  professors  (but  low  miners),  they  manage  to  form  an 
(iorporated  company,  so  as  to  realize  therefrom  almost  imme- 
"Hiately. 

With  this  prominent,  yet  silly  idea,  a  mill  is  forthwith 

rdered,  and  the  superintendent  sent  forward,  to  reduce  the 

luable  ledgc*into  bullion-     It  happens,  too  frequently,  that 

(  ledge  can  be  seen;   or,  when  found,  it  is  worthlcsa,  for 

all  that  glitters  is  not  gold." 

These  incorporations  are  (by -the -bye)  too  often  constituted 
r  market  miners,  and  are  therefore  as  alow  to  see  tlieir  mia- 
ke  ad  they  are  fast  in  victimizing  others;  so  that,  after  dis- 
vering  that  their  funds  have  been  thus  recklessly  squnn- 
Ted  in  the  erection  of  a  mill  as  an  enormously  expensim 
\ying  apparatus  (which  but  supplanted  the  experienced 
id  honest  raining  engineer's  examination),  to  ahow  that  the 
line  is  worthless;  they  then  deviae  means  to  rig  the  shares 
ito  the  hands  of  others;  and,  until  the  inflated  bubble  baa 
Qrated,  their  victims  are  unconscious  of  danger. 
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It  may  happen  that  the  vein  is  good ;  bnt  it  would  theo 
require  many  such  rich  veins  to  educate  the  men  who  hare 
been  generally  sent  to  superintend  the  works,  ere  they  would 
give  profits  from  any  mine,  however  valuable  it  might  have 
been  under  proper  praetical  management. 

To  earn/  on  the  yiumeroiis  operations  of  a  large  rninCf  (he 
Mining  EnginecTy  or  (jaieral  supainkndent,  will  require  several 
sub-agails,  to  watch  each  separate  operation^  whose  duties  rmjf  be 
briefly  named  in  the  order  of  thdr  importanee. 

1,  The  Underground  Agent,  or  Caftain  —  lliis  a  very 
different  duty  to  perform  to  that  of  the  Mining  Engineer; 
his  education  must  be  practical,  but  need  not  extend,  in 
theory,  beyond  the  mere  rudiments  of  meebanidms  and 
figures,  unless  he  aspires  to  the  future  management  of 
mines. 

These  men  are  generally,  and  should  always  be  sekctedy  from  | 
such  of  the  experienced  working  rainens  who  have  had  the 
moat  thorough  practice  in  all  the  different  underground 
departments,  and  who  are  already  respected  by  their  fellow- 
workmen  for  their  practical  abilityj  manly  bearing,  and  gen- 
eral conduct,  . 

Bejond  these,  their  greatest  recommendations  are  induft- • 
trious  habits,  sobriety,  integrity  of  purpose  tow-arda  both 
employert*  and  the  employed,  regularly  consistent  firmness 
of  purpose,  constitutional  disposition  to  shoulder  the  wheel 
for  progress,  and  good  common  sense ;  and,  lastly  (judgin 
from  many  past  examples),  certainly  not  the  least,  free  fro: 
that  most  damaging  weakness,  pride  of  office,  which  speedi 
makes  them  too  good  or  pompous  to  do  their  duty  in  a  propef 
manner.  ■ 

There  is  never  less  than  one  Underground  Agent,   fre— 
(juently  two^— the  one  by  day,  and  the  other  by  night;  and^ 
in  larger  mines,    several,    in   proportion  to  the   extent  ofl 
ground,  etc.,  laid  open* 

Their  duties  are,  to  closely  watch  all  the  undergronnA 
operations,  fmm  day  to  day,  so  as  to  keep  themselves  posted 
about  the  value  of  the  ever-varying  veins,  and  the  cost  oi 
excavating  ground  and  extraction  of  minerals;  to  arran^ 
all  the  necessary  fixtures  for  the  general  workings ;  to  keel 
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the  levels  clear  of  quartz  by  the  hoisting  machines,  so  as  to 
make  it  convenient  for  all  parties;  to  see  that  good  ventila- 
tion shall  be  obtained,  that  the  ground  shall  be  securely  tim- 
bered, or  otherwise  supported,  when  necessary,  by  the  leaving 
of  occasional  natural  blocks  or  arches  of  the  rock  itself,  or 
by  filling  into  such  vacant  sections  the  useless  waste  rock; 
to  see  that  the  ladders  and  ways  are  in  good  order,  etc. ;  to 
supply,  and  keep  account  of,  the  necessary  tools  required  by 
each  party,  and  be  present  at  each  relief,  to  hear  the  wants 
and  reasonable  desires  of  the  men;  to  see  that  the  relieved 
men  are  properly  cared  for,  as  regards  drying  their  wet 
clothes,  and  that  the  relieving  men  are  all  present,  so  as  to 
descend  to  their  respective  duties;  or,  if  absent  by  injury  or 
sickness,  to  alleviate  their  pains,  by  sending  the  "  club  doctor 
and  money"  for  their  relief  and  comfort;  to  see  that  the 
blunt  tools  from  the  relieved  men  are  forwarded  to  the 
smith's  shop  and  re-sharpened;  and  make  suitable  arrange- 
ments with  those  who  are  working  the  hoisting  engines,  for 
drawing  the  "stuff*'  from  the  different  shafts  and  levels;  and 
to  send  down  any  extra  timber,  or  other  materials,  that  may 
be  required  for  any  particular  purpose,  during  the  succeeding 
"shift,"  or  "core,"  etc.,  etc.,  etc. 

Thus,  it  will  be  readily  seen  that  this  is  a  man  of  great 
responsibility,  and  should  also  be  a  most  important  officer  in 
the  working  of  mines,  if  he  acted  up  to  its  requirements; 
but  it  too  frequently  happens  that,  although  a  man  may  be  ele- 
vated from  the  miner,  w^ho  has  to  work  eight  hours  each  day^ 
for  half  the  Agent's  pay^  he  will,  in  a  little  while,  become  so 
puffed  up  by  silly  vanity^  pride,  extra  feed,  and  want  of  exercise, 
that  it  will  be  considered  an  unnecessary  bore  to  do  his  duty 
in  a  proper  manner;  and  the  deceived  stockholders  have  to 
suffer  for  such  an  expensive  ingrate,  who  is  really  an  incubus 
on  any  adventure.  He  should  be  a  steady -going,  faithful 
man,  who  is  both  ready  and  willing  to  carefully  examine  the 
workings  every  day,  and  to  attend  to  such  other  surface 
duties  as  are  necessary  for  the  proper  working  of  his  mine, 
in  the  cheapest  and  best  practical  manner. 

Although  these  duties  are  difficult,  they  are  not  nearly  as 
comprehensive  as  those  of  the  Mining  Engineer,  or  General 
Manager;  and  they  are,  moreover,  so  different,  that,  as  a  rule, 
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the  best  Underground  Agent  would  make  tbe  worst  Man- 
ager; whilat,  tor  similar  reasons,  the  best  Mining  Engineer 
would  not  excel  when  performing  the  more  regular  and  iso- 
lated duties  of  an  Underground  Agent. 

In  very  large  minesj  it  is  most  advisable  to  have  an  agent 
or  two  for  the  express  purpose  of  watehing  the  various  stopes^ 
levels^  shafts,  and  winzes^  for  better  knowledge  of  their  comparative 
mineral  mtues,  so  as  to  be  able  to  let  contracts  under  **  tribute,^ 
at  so  much  out  of  each  pound's  or  dollar  s  worth  of  mineral  that 
ia  extracted  within  stated  limits  of  the  vein's  section. 

2.  The  Working,  Mechanical  Enqineer.  —  The  variouB 
duties  of  erecting  the  surface  machiner}%  running  economi- 
cally»  and  keeping  them  in  repair,  devolves  on  this  officer,  aa 
planned  and  supervised  by  the  Geueml  Manager. 

3.  The  Pitman,  and  Timbkrman — Have   to  fix  all  the 

mechanisms  that  are  required  below  the  surface,  for  pump- 
ing, hoisting,  tramming,  ventilation,  etc.,  etc.  In  tiact,  they 
are  the  subterranean  engineers,  on  whom,  in  watery  mines, 
the  whole  very  responsible  duties  of  drainage,  etc.,  lie;  and, 
consequently,  if  any  serious  accident  should  occur,  the  whole 
mine  would  be  awaiting  until  their  knowledge  and  practical 
exertions  sliall  surmount  the  difficulty. 

They  ai*e  generally  lield  in  too  low  estimation,  and  insuffi- 
ciently paid;  are  not  even  styled  Captains;  and,  as  soon  as 
the  greater  part  of  the  difficulty  of  fixing  the  pump  work 
18  over,  they  are  required  to  work  for  less  wages,  or  do  other 
duties, 

I  have  preferred  to  increase  their  wages,  by  promotion  to 
Night  Agents,  when  they  can  do  both  duties,  in  small  mines; 
whilst,  in  large  mines,  they  should  keep  their  own  particular 
division,  and  retain  full  pay.  M 

4.  The  iNiKLLmENT  Leaders — Of  the  different  "shifts'* 

or  corps  of  men,  who  act  as  responsible  guarantees  in  th^] 
taking  and  perlbrmance  of  eontracts. 


I 


5.  The  Engine  Workers — Who  should  be  able-bodied 
and  skillful  men,  for  their  duties  demand  it;  but  they  are  tocp 
often  such  as  have  been  disabled  for  underground  work;  they 
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are  therefore  the  most  undervaloed  aud  worse  paid  in  the 
mine.  A  good  man  eania  thrice  his  wages,  from  greater 
safety  and  economy;  whilst  a  poor  man  is  dear  at  nothing. 

L6.  Thb  Carpenter  —  Is  the  general  surikce  mechanic, 
heresoever  wood  can  he  made  subservient  for  any  purpose 
whatever,  in  all  the  departments  of  mining;  and  very  few 
there  are  who  can  be  considered  ^rst'da^s  rmrkmm  and 
nuchwiicSy  in  that  peculiar  business  of  Mine  Carpenter. 

I  7.  The  Blacksmith.— The  good  and  experienced  miaing 
Pblackemith  should  carry  in  his  mind  the  essential  forms  and 
sizes  of  almost  everything  that  is  required  for  the  iron 
mechanisms  of  mining  fixtures,  and  should  generally  manage 
80  as  to  auticipate  such  requirements.  But  this  being  also  a 
business  that  requires  much  practice  and  experience^  there 
are  but  very  few  who  are  really  capable  men  in  such  a  sense 
pf  the  word;  although,  like  the  good  tmr/dfi(f  edrpenter,  he 
n  manage  to  make  anything  that  may  be  properly  explained 
to  him  by  suitiible  words  or  drawings. 


8.  The  Captain  **Dressee*'  —  Is  supposed  to  be  well 
versed  in  the  knowletlgc  of  the  miocrals  as  found  in  the  par- 
ticular mine,  aud  with  all  of  the  best  methods  for  preparing 
them  J  by  hand  picking  and  water  treatment,  for  the  market 
«or  the  reduction  works,  and  his  studies  are  more  particularly 
'directed  to  rigid  economy,  etc,  for  bencficiation  of  ores  that 
would  not  otherwise  yield  profits. 

9*  Tub  Captain  op  toe  Crushkr  or  "Stamps'* — Has  the 
management  of  the  crushing  of  the  rock  to  the  size  of  peas, 
as  lead,  copper,  etc.,  and  also  of  the  stamps  or  battery,  where 
it  is  crushed  to  a  fine  powder,  and  treated  by  water  concen- 
tration, by  appropriate  division  of  cheap  labor,  etc. ;  or  treated 
for  gold  on  copper  plates,  etc,;  or  in  pans,  etc.,  for  silver. 

10.  The  Captain  of  Chlorination,  or  Other  Chemical 
Works ^ — Who  receives  the  dry  crushed  powder  from  the 
battery,  which  he  roasts,  chlorinizes,  etc.,  as  most  desirable. 


The  Captain  of  the  Smelting  Works — Who  direct* 
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the  skilled  workmen  ami  laborers  in  all  the  fire  operatioM 
of  smelting,  rt'tining,  cupeUatioii,  cto«,  etc. 

12.  A  Store-keeper — To  keep  charge  of  the  store,  deliver 
materials,  and  enter  the  amounts  against  the  ditierent  men. 

13.  A  Clerk— To  armnge  all  books  for  practical  opera- 
tions, time-keeping,  contracts,  measurements,  records,  busi- 1 

oesa  papers,  and  to  prepare  abstract  statements  for  all  the 
financial  purposes  of  x>aying  and  recei%ing. 

Professor  J.  D.  Whitney,  in  the  Introduction  to  his  work  on 
''  The  Metallk  Wealth  of  (he  Uniled Slates,''  says  as  follows: 

'^  The  fftcilHy  with  which  th«  puhlic  allowB  itself  to  be  deceived,  in  regard  U 
ererjtbing  coooected  with  miiung,  is  ns  remarkahle  as  the  machinery  by  which 
tht  swindling  sperulaiion  l»  org;ai]izod  nnd  bmugbt  inio  successful  operation  U 
simple.  The  JocAlity  is  selected,  aiifl  visited  by  some  very  distinguished  *ciea- 
lific  geologist,  who,  for  a  sufficient  consideration,  will  write  a  sufficiently  flat- 
tering report,  and  demonsfrate  the  absolute  certainty  of  success.  The  v&lne  of 
the  mine  is  fiitpd  at  an  enormous  sum,  and  divided  into  one  or  even  two  hun- 
dred thousand  shares;  the  company  is  organized,  and  the  stock  brought  into 
murket.  Every  mean^  possible  is  then  taken  to  inflate  its  value  ;  fictitious  sftlet 
of  ore  arc  announced;  the  mnst  llatlering  reports  are  received  from  the  mine, 
frod  pyblished  in  nil  the  newspapers;  the  President  of  the  company,  who.  pcr- 
haps^  had  never  seen  a  mine  before  in  his  life,  and  who  may  therefore  bfi 
eicused  for  mistaking  iron  for  copper  py riles,  or  perhaps  even  for  gold^  vieitl 
the  scene  of  nctioD^  and  finds  the  surface  literally  '  covered  with  stacks  of  ore;* 
a  aeries  of  dividends  is  announced  as  about  to  be  paid,  or  perhaps*  even,  the  ^ 
ore  or  metal  from  a  neighboring  mine  is  pnrchasud  with  «  port  of  the  eapiul  | 
pAid  in,  and  sold,  and  a  dividend  declared  'from  the  proceeds  of  the  miner 
the  whole  machinery  of  fictitious  sales  of  stock  is  put  in  motion,  the  stuck 
rises,  and  the  promoters  of  the  enterprise  benevolently  allow  the  public  to  «tcp 
in  and  share  with  them  in  the  magnificent  profits  which  are  certain  to  ncctttt. 
As  Boon  as  a  sufficient  quantity  of  the  stock  has  been  thus  disposed  of,  and  tht 
gettcranp  of  the  scheme  have  pocketed  the  proceeds  of  their  skinful  maneuver- 
ing, the  natural  results  follow  :  the  stock,  no  longer  artificially  kept  up,  begins 
to  droop;  one  after  atiulher,  the  deceptions  which  have  been  practised  becoin« 
suspected  ;  the  unfortunate  holders  rush  to  dispose  of  their  Bbares,  but  it  is  too 
late.  The  property i  which,  a  few  days  before,  was  quoted  at  hundreds  of  thou- 
sands, can  now  hardly  be  given  away  ;  the  unfortunate  victims  have  nothing 
laft  as  the  tnngible  evidence  of  the  brilliant  dividends  promised  but  the  ele- 
gantly engraved  stock  certificates,  and  the  cqttally  valuable  reports  bj  which 
they  were  deluded, 

''And  yet  the  mine,  thus  made  the  object  of  speentatinn,  and  perhaps  ahao- 
doned  in  disgust,  may  ho  renlly  of  value,  and  capable  of  being  worked  so  aa  to 
pay  a  moderate  profit  on  the  capital  actually  and  judiciously  invested  in  its 
development.  But  the  idea  was  given  out,  in  the  beginning  of  the  enterprise, 
that  it  could  be  made  profitable  at  once,  and  because  this  has  not  been  ihe  case, 
the  holders  of  the  stock  lose  all  confidence,  and  refuSe  to  furnish  Ihe  capital, 
without  which  hardly  any  mine,  however  rich  it  may  be,  can  be  put  into  a  con- 
dition in  which  it  can  for  any  length  of  time  he  worked  with  profit.  The  system 
which  prevails  in  this  country,  of  chartered  compantca  with  a  large  numbvr  of 
•hares,  seems  especially  adapted  to  make  the  mining  business,  which  contains 
so  much  of  the  lottery  element  of  uncertainly  in  it,  a  mere  object  of  stock 
speculations. 
*'The  records  of  the  last  few  years  show,  almost  wilbout  exception,  that  com- 
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panies  with  Urge  fictitious  capital,  and  ao  enormous  number  of  shares,  hare 
been  got  np  for  the  purpose  of  swindling  the  public,  and  not  for  bona/UU  mining 
purposes.  It  maj  be  laid  down  as  a  universal  rule,  that  the  stockholders  In  a 
mining  enterprise  should  be  kept  fully  informed  in  regard  to  the  expenditures 
and  operations  of  the  company.  A  frank  and  full  publication  is  the  only  guar- 
antee of  sincerity  and  good  faith.  When  these  things  are  more  generally 
understood,  and  the  public  refuses  any  longer  to  be  victimized,  we  may  expect 
to  see  a  less  noisy,  but  far  more  effective,  development  of  our  mineral  resources 
than  we  have  yet  had." 

The  English  companies  have  also  committed  most  serious 
errors,  both  in  their  selections  and  developments  of  mines  in 
this  country ;  for  in  the  first  place,  they  have  sent  men  to 
examine,  who,  having  passed  their  time  in  mining  for  base 
minerals,  knew  nothing  of  the  formations  that  are  most  con- 
genial for  the  precious  metals,  nor  could  they  make  their  own 
assays  of  the  vein,  for  estimation  of  its  average  value:  sec- 
ondly, no  company  has  yet  emanated  from  either  of  the  mining 
counties  of  England^  to  loork  mines  on  the  Pacific  coast;  but  were, 
generally  speaking,  not  miners  in  the  true  sense  of  expres- 
sion ;  for,  proceeding  from  the  cities  of  London,  Liverpool, 
etc.,  they  were  but  "market  miners:"  thirdly,  some  of  their 
superintendents  were  also  strangers  to  the  mining  counties, 
and  as  notoriously  deficient  in  practical  experience  of  aU 
mining,  but  more  particularly  that  of  gold  and  silvery  in  such 
remote  and  extensive  regions. 

So  that  even  the  mining  of  this  splendid  field  of  California 
has  been  defamed  from  a  quarter,  that,  under  other  aus- 
pices, should  have  fostered  this  particularly  interesting  and 
valuable  industry  by  more  general  successes. 
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Wa  SYBTEMATIC  AKD  MORE  EXTENSIVE  EXCAVATIONS  MABE  Bt 
ME  MINER,  FOR  THB  BETTER  EXAMINATION  OF  THB  VElJ* 
THAT   IS   SUPPOSED   TO    BE    VALUABLE. 

Being  satisfied  that  the  vein  possesses  sufficient  visible 
value,  or  indicative  merits  (as  ascertained  by  the  metho^^ 
described  in  Chapter  V,  Section  U),  for  further  development^ 
by  still  greater  expenditure,  it  becomes  our  next  duty  to  con- 
sider the  best  means  for  its  accomplishment. 

When  the  sectional  elevation  of  the  vein,  and  the  general- 
flurtace  contour  of  the  ground,  are  both  suitable,  it  is  mucl^^ 
better  to  drive  a  tunnel  at  the  lowest  possible  convenient^ 
depth  on  the  course  of  (he  vein  itself ^  as  it  proves  its  quality^^ 
variations,  angles,  dips,  spurs,  and  the  more  mineralized  por — - 
tions  thereof;   ventilates^  by  communication  with  suitabl^^ 
arranged  shafts,  the  future  workings;  drains  the  water  awaj^ 
from  above^  and  lessens  the  height  for  elevation  of  what  may 
be  found   below  this  level;    as  well   as  aftbrding  a  moi 
ready  means  for  transferring  the  refuse  rock,  by  direct  roate^ 
into  the  future  reduction  works  that  may  be  erected  below^ 
the  exit  level  from  this  tunnel,  the  continuous  rails  from. 
which  may  cither  run  straight,  or  gently  curved,  to  suit  th^ 
requirements  of  their  relative  positions. 

It  will  be  generally  found  more  convenient,  for  the  work- 
ing of  large  minesy  to  arrange  the  underground  railway  s<^ 
that  its  car  may  be  tipped  into  a  trajis verse  line  of  larffcr  mrs^ 
which  may  be  moved  on  underneath,  as  required  for  filling 
these  several  wagons  of  the  surface  railway,  which  should  be 
drawn  by  horsea,  or  propelled  by  steam  engine,  to  the  near 
or  more  distant  milL 

It  is  often  advisable  to  drive  this  tunnel  a  considerable 
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distance,  before  any  shafts  are  sunk  for  ventilation,  etc.,  for 
the  purposes  of  discovering  the  positions,  extents,  and  dips 
of  the  more  profitably  mineralized  sections,  so  that  these 
shafts  maybe  correctly  placed  to  command  them;  and  it  will 
be  therefore  necessary  that  some  artificial  mechanical  means 
shall  be  used  to  ventilate  the  level,  when  the  following  modes 
are  well  adapted  for  this  purpose. 

1.  ''Air  sollarsr  2.  Fire  draught  3.  Water -fall  blast. 
4.  Fan  or  screw  blast,  5.  Blast  cylinders,  6.  Inverted  boz^ 
water-trough  blast. 

1.  ''Air  sollars'*  may  be  applied  to  great  advantage  for 
tunnels  of  five  hundred  feet  long  and  upwards,  as  no  driving 
power  nor  fuel  is  required,  and  there  is  no  second,  recurring 
cost. 

The  tunnel  should  be  excavated  of  good  serviceable  capac- 
ity;  if  for  a  single  track,  which  is  always  used  for  ordinary 
places,  it  may  be  from  eight  to  nine  feet  high  by  from  four  to 
five  feet  wide  in  the  bottom,  narrowing  to  about  two  feet  six 
inches  at  the  top,  which  contraction  carries  the  advantages 
of  greater  strength,  more  speedy  conduction  of  the  warmed 
air  outwards,  because  of  reduced  volume,  and  much  less  rock 
to  be  broken  where  the  room  is  not  required,  and  which 
would  cost  much  more  to  excavate  when  the  dip  of  the  ledge, 
which  is  often  the  case,  conforms  naturally  to  the  slope  of  the 
one  side. 

First,  construct  an  "Air  sollar "  in  such  a  tunnel,  when  the 
rail  wagon  will  also  beneficiate  operations,  by  laying  down 
the  rail  sleepers  about  six  inches  above  the  bottom  of  the 
level;  form  an  air-tight  deck  thereon,  for  the  whole  length 
of  the  tunnel,  by  closely  planked  mud  joint^  and  then  place 
thereon  your  rail  irons  for  wagons. 

This,  by  dividing  the  tunnel  into  two  compartments,  causes 
the  under-current  of  air,  kept  cool  by  the  water,  to  pass  in  to 
the  men,  as  the  rarified  air  passes  outwards  as  an  upper  and 
continuous  current. 

2.  The  Fire-draught  Ventilator  also  requires  no  mechanical 
power,  and  is,  for  many  places,  better  and  cheaper  than  any 
other  method;   it  also  has  the  advantage  of  extracting  the 
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vitiated  atmosphere  from  the  very  end  of  the  drift,  as  soati 
as  it  is  ereutod.     All  that  10  required  in  thirt  apparatus  is  t^ 
eonnect  an  air-tight  pipe,  that  reaches  from  within  a  fewfeo"^ 
of  the  end  of  the  drift,  through  the  upper  part  of  the  leve^i 
to  the  enclosed   ash-pit  of  a  furnace,    that  is  built  ahov^^ 
the  entrance  of  the  tunnel;   and  if  this  pipe  is  kepi  quit^- 
tight  througliout  its  whole  length,  four  inches  in  diamet^ 
will  he  quite  sufficient  for  all  ordinary  requirements. 


3.  The  Water-fall  Bkut  is  available  where  a  stream  of  fall  -^ 
ing  water  can  be  passed  in  various  ways  down  a  pipe,  icz^ 
impinge  on,  and  scatter  from,  a  flat  aorface  into  a  trough  ^^ 
the  air  that  is  forced  to  accompany  it  in  its  precipitous^ 
descent,  from  suitaljle  side  inlets,  is  conveyed  from  thi^^ 
ti*ongh,  or  box,  by  fiipes,  in  to  the  workmen. 
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4.  The  Fan  or  Screw  Blasts  are  very  effective ;  more  espe- 
cially 80  when  fixed  to  extract  the  foul  air  directly  from 
within  the  end  of  the  level,  to  discharge  it  into  the  outer* 
atmosphere,  which  the  screw  does  in  a  direct  manner,  and 
the  fan  by  attaching  the  extracting  pipe  or  pipes  to  one  or 
both  sides  of  the  centre  openings  of  the  tan  box. 

5,  6,  Cylinders^  and  Waler-trough  Blasts,  can  only  be  con- 
veniently used  iu  shafts  where  a  reciprocating  power,  for 
other  work,  is  present  and  available  for  this  purpose. 

In  the  meantime,  immerous  pits  should  be  sunk  on  the 
croppings,  and  closer  examinations  made  for  all  spurs,  cross- 
lodes,  or  channels  of  ground  that  in  any  way  may  enhance 
the  value  of  the  property,  or  throw  more  light  for  iacilitating 
the  development,  or  enhancing  its  probable  value. 

When  a  portion  of  the  vein  has  been  discovered  by  the 
surface  operations,  or  driven  through  b}^  the  tunnel,  tliat  fully 
demands  deeper  exploration,  a  shaft  had  better  be  com- 
menced in  the  best  possible  position  for  commanding  tlie 
more  mineralized  sections  of  the  lode;  and,  in  the  earlier 
stages  of  mining,  it  is  very  often  much  better  to  sink  it  iu  or 
over  the  vein,  than  perpendicularly  through  the  bed-rock ;  as 
the  most  important  object,  of  proving  the  value  of  the  lode, 
ia  thereby  continually  obtained,  and  generally  at  more  mod- 
erate expenditure. 
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This,  however,  depends  on  so  many  considerations,  that  a 
^neral  rule  will  not  apply. 

The  old-fashioned  method  of  hoisting,  when  "kihbles"  or 
buckets  were  drawn  from  the  bottom  to  the  top  of  the  mine, 
l)y  being  slidden  over  the  rough  foot-wall,  or,  at  best,  on 
D7O0d  planks,  which  frequently  made  considerable  wreck  and 
delay  from  wear  and  tear,  greatly  favored  vertical  shafts. 
This  relic  of  barbarism  must  now  pass  away,  and  be  sup- 
planted by  the  more  regular  action  of  diagonal  railways,  both 
for  the  elevation  of  the  minerals  and  conveyance  of  the  heavy 
pumping  appliances,  etc.  So  that,  with  these  greater  facili- 
ties for  collecting  and  hoisting  the  minerals,  etc.,  and  in  view 
of  all  the  other  phases  of  development,  such  as  exploration, 
errors  of  position,  dips  of  ore,  changes  of  underlie,  with  the 
chances  of  unnaturally  hard  ground  in  solid  country  rock, 
deferred  returns,  etc.,  there  are  few  mines  that  would  have 
been  much  benefited,  in  their  early  stages,  by  vertical  shafts, 
and  their  attendant  cross-cuts. 

There  are,  however,  some  positions  where  soft  stratum 
prevails,  as  well  as  others,  in  later  developments  of  large 
mines,  where  an  extra  shaft  is  imperatively  necessary  in  a 
certain  position,  to  command  fully  established  and  exten- 
sively mineralized  ground,  and  drain  the  water.  In  such  a 
case,  a  well-placed  vertical  shaft  would  enable  the  miner  to 
increase  profits  and  obtain  much  greater  depth.  This  is, 
however,  in  such  circumstances,  a  plain  matter,  when  figures 
will  readily  test  method  against  method,  and  not  governed 
by  the  uncertain  contingencies  of  young  and  virgin  mines. 

Therefore,  if  you  prefer  keeping  company  with  the  vein, 
you  can  sink  the  shaft  thereon  to  communication,  when 
splendid  ventilation  will  be  secured  to  both,  and  the  tunnel 
may  be  continued  forward,  as  the  shaft  is  being  sunk  under 
this  level,  by  cutting  ground  under  the  foot-wall  for  the 
loaded  wagon  to  pass,  without  endangering  the  shaft-men, 
which  will  also  serve  as  an  occasional  discharge -plot  for 
both. 

If  the  stratum  above  the  lode  is  soft,  and  otherwise  favor- 
able, and  you  anticipate  requiring  pumping  power,  it  will  be 
better  to  sink  a  perpendicular  shaft,  to  intersect  the  vein 
some  few  feet  under  the  level  of  the  tunnel,  so  as  to  have  a 
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short  cross-cut  thereto,  some  six  teet  above  the  bottona  of  tl^"*' 
tunnel,  for  the  advantages  of  tipping  the  rock  from  the  ah 
wagOQ  into  that  of  the  tunnel,  and  aufBcicnt  side  space  f^O^ 
the  more  uninterrupted  working  of  the  shaft  and  tunn 
aimultaneouBly. 

To  adopt  this  method,  you  should  be  well  satisfied  the**^ 
the  shaft  is  in  a  good  position  for  dip  of  mineral,  main  diaic^- 
age,  and  hoisting;  and  make  it  of  proper  size — say  tsvelir 
feet   long  by  six   feet  wide  —  securing   it  with   timber,  i 
necessary,  as  you  go,  suitable  for  such  purposes ;  and  afte 
reaching  the  lode,  to  sink  thereon,  extending  the  shaft  tw< 
feet  lunger  at  the  pumping  end  (fourteen  feet  in  all),  and  fiv^ 
feet  w^de,  as  the  upper  part  of  a  diagonal  shaft  is  useless^ 
because  the  work  lies  mostly  on  the  foot-walh 

If  the  water  is  light^  the  shaft  may  be  thus  deepened  by  a. 
good  horse-whim,  to  from  three  to  four  hundred  feet,  and 
levels  driven  away  on  the  lode,  at  some  six  feet  above  th^ 
bottom  at  this  depth. 

The  double-handled  wdndlass,  or  common  '* tackle,"  and 
the  horse -whim,  are  the  only  hoisting  appliances  that  are 
really  necessary  in  this  stage  of  mining  operatiLns. 

The  *4aekle"  is  always  made  and  erected  for  work  in 
exactly  the  same  manner,  in  Cornwall;  as  follows. 

Two  pieces  of  timber  are  selected,  which  are  sufficiently 
long  and  strong  to  reach  across  the  shaft,  and  bear  the  strain 
of  the  %vork;  in  the  middle  of  each  piece,  a  hole  is  cut 
(lengthwise),  about  eight  inches  long  and  one  and  a  quarter 
Wide,  to  receive  the  bearing  columns  of  plank,  which  are 
about  five  feet  long,  twelve  inches  wide,  and  one  and  a  quarter 
thick;  these  uprights  are  shouldered  down  on,  and  mortised 
into,  the  long  holes  of  the  bed -pieces,  and  grooves  or  slots 
are  cut  downwards  from  the  top  for  about  twelve  inches, 
sufficiently  large  that  the  axles,  which  are  generally  made  of 
one  and  a  quarter  inch  iron,  may  drop  to  the  bottom;  the 
bottom  of  this  slot  is  now^  lined  with  iron,  as  a  wearing  piece, 
which  should  also  be  of  suitable  shapej  that,  when  strongly 
screwed  or  nailed  on,  it  may  prevent  the  thin  plank  from 
splitting  under  the  w^cight  of  the  work* 

The  supports,  being  thus  nuide,  are  ready  for  the  windlass, 
which  is  formed  from  a  piece  of  strong  Norway  pine;  it  is 
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froin  three  to  six  feet  long,  and  from  eight  to  ten  inches  in 
^ianieter,  according  to  the  requireraeota  of  the  case^  as  gov- 
"i'ued  by  the  fancy  or  strength  of  the  workmen;  the  ends  are 
then  drilled  to  receive  the  wedge-ended  handles;  and,  lastly, 
bound  by  wrought -iron  hoops,  so  aa  to  insure  the  proper 
security  for  the  handles* 

Two  pieces  of  one  and  a  quarter  inch  round  iron  are  next 

^ken,  about  three  feet  eight  inches  long;   the  one  end  of 

^acb  is  either  made  of  a  T  or  L  shape,  or  is  sharpened  to  a 

^^ge,  or  squared  to  a  taper,  or  a  hole  stamped  through  the 

^ud ;  tliey  arc  then  hent  twice;  at  a  right-angle  to  the  angle 

of  a  square,  so  that  the  first  or  tapered  end  of  each  may  be 

about  twelve  iDches;  the  middle,  or  cranks,  fourteen  inches; 

and  the  handles  eighteen  inches  long.     These  single  pieces 

of  iron  are  thus  made,  and  when  securely  driven  into  the 

barrel  euds,  at  opposite  halves  of  the  circle,  they  serve  for 

attachment,  axlC'Crank,  and  handle. 

rThe  bearers  are  now  thrown  across  the  shaft,  at  the  proper 
distance  apart,  and,  after  a  flooring  of  boards  is  first  nailed 
from  the  one  to  the  other,  the  handled  barrel  is  dropped 
doM^p  between  the  standards,  with  its  axles  in  the  vertical 
*lota;  a  head-board  is  then  nailed  across  the  top,  and  diago- 
^^l  stays  against  the  sides,  when  it  is  ready  for  use* 

The  superior  tackles  have  also  an  iron  or  wood  bar,  that 
*^^chea  across  the  top,  guided  and  secured  by  strong  staples, 
^  as  to  stop  the  machijje  at  any  point  of  elevation,  by  sliding 
^be  bar  out  across  the  path  of  the  cranks.  Also,  a  friction 
lather,  for  lowering  with  greater  ease  and  focility.  Such  a 
windlass  can  be  used  for  hoisting  from  the  maximum  depth 
^f  one  hundred  and  twenty  feet. 

This  shaft  ** tackle**  is  generally  made  entirely  of  wood,  in 
America;  the  barrel  is  shaped  to  small  necks,  at  about  four 
inches  back  from  the  ends,  which,  \^en  greased,  8or\'0  as 
,  ^les;  whilst  the  extreme  ends  are  squared  for  wooden 
cranks,  which  have  also  wooden  handles  driven  into  suitable 
holes  at  the  outer  ends  of  the  cranks. 

The  ^'liorse-whim  "  is  generally  made  as  shown  by  Cut  34, 
^bich  explains  itself;  but  it  is  at  a  greater  distance  from  the 
ahafttackle,  as  it  Is  shortened  to  suit  the  width  of  page. 
The  centre  part,  which  carries  the  ropes,  is  someiimei 
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made  differently,  and  the  machine  ib  then  called  the  **fork<?* 
whim."     The  ropes  work  in  separate  recessefi,  which   a^^| 
about  nine  inches  wide,  formed  by  wood  arms  in  iron  ceni 
pieces,  and  as  the  buckets  or  '^kibbles**  ascend  the  isht 
these  barrels  become  larger^  and  less  power  is  then  in  • 
tion,  with  greater  speed,  when  not  required  tor  hoistiii^ 
longer  and  heavier  chains  that  are  used  for  these  whims. 

Such  nmchines,  when  the  work  is  not  too  much,  will  hc^^ 
from  a  depth  of  from  three  to  four  hundred  feet,  and  tm.  *^ 
most  efficient  at  from  one  to  two  hundred  feet.     The  rock 
hoisted  in  buckets,  and  the  water  in  barrels,  with  leather-fac 
values  at  the  bottom,  for  admitting  and  releasing  tlie  water  -—  ^ 

The  ''horse- whim''  w  most  frequently  worked  hj  a  singU  hor^ 
or  a  patTy  ai  one  end  of  the  lever ^  as  directed  by  a  boy;  but  may 
worked  in  the  manner  shmon,  or  by  two  pairs  of  horses. 

cm  a#. 


If  the  quality  of  the  quartz  has  been  fairly  noted,  you  huve 
prospected  the  ledge  sufficiently,  and  the  time  has  arrived  for 
one  of  three  things. 

1,  To  ascertain  if  the  rock  will  more  than  pay,  at  and 
above  this  level,  in  quantity  and  quality  for  mining  and  mill- 
ing.    If  it  will,  obtain  a  mill,  or  suitable  reduction  workw. 

2,  If  it  is  not  suffitiently  rich  at  this  depth,  does  it  giv#* 
reasonable  guarantees  that  it  will  become  so  at  greater  depth  ? 
If  it  does,  obtain  a  company  who  will  run  the  riskn  of  the 
necessary  expenditure  required  for  machinery  to  develop  It 

3,  If  it  does  not^  abandon  this  wortliless  property. 
Consistent  discretion  is  more  valuable  than  reekle^^s  val«W; 

in  mining  as  well  as  in  war;  for  n  too  sanguine  miner  — •^'* 
cottiDfttitea  lor  oae  that  h^J 
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J^BCHANICAL  EN'GINEKRIN(J,  ABOVE  AND   BELOW   THE   SURFACE. 

Kext  to  that  of  finding  a  good  mine,  there  is  nothing  more 

^fficult,  in  the  whole  field  of  mining,  than  the  arrangement 

of  the  mechanical  appliances  in  the  best  manner  for  the 

development  and  mo«t  profitable  realization  of  whatever  the 

veins  may  contain;  and  yet  this  part  haH  been  very  often  dis- 

^garded  in  planting  the  Burface  mechanisms,  more  particu- 

'^lyin  the  initial  ntages  of  operations,  as  the  almost  general 

^le  has  been  to  entirely  destroy  the  early  erections,  to  make 

'^om  for  the  several  superseding  powers  which  follow,  from 

'^iebaud  "windlass"  to  the  single  or  double-horse  "whipse- 

^^ly,"  to  the  "horse-whim,"  to  the  "steam-whim,"  and  the 

*^team  capstan."     So,  also,  it  as  frequently  happens  that  the 

^*^aller  engines  and  pumps  are  followed  by  larger  ones,  for 

f^^mping,  etc.;  so  that  by  the  time  the  wrecks  from  altera- 

^ons  and  substitutions  are  cleared  away,  and  the  consequent 

^^lays  are  paid  for,  little  will  be  left  for  making  profits,  even 

^*^m  mines  that  would  have  l)een,  with  fair  play,  profitable. 

Mills  and  stamps  also  are  very  often  obtained  too  soon, 
^^fore  it  is  known  if  they  will  be  really  wanted;  therefore, 
j^^y  are  either  not  required,  or  are  insufficient  for  the  quan- 
^^^yof  mineral  to  be  treated;  so  that,  firstb/^  the  outlay  could 
^Bve  been  entirely  saved ;  and,  lastlf/,  the  double  erection, 
^^ith  its  consequent  destructive  waste,  would  have  been  like- 
^^186  prevented,  and  so  much  larger  profits  given. 

Therefore,  all  these  things  should  be  well  considered  about 
^hig  time,  and  a  provisional  intention  for  the  future  should 
L  pervade  the  whole  system  of  mechanisms  and  mining,  instead 
V  ^l  the  most  stolid  disregard  that  is  often  shown  towards  all 
1  Agreement  with  the  subsequent  erections  and  excavations 
I    ^t  are  naturally  to  follow. 

I   ^ 
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For  theie  reMon»p  I  have  divided  "Mining"  into 
clmpioriHy  tlic  one  for  mere  examination  liy  the  inexpe] 

Irrolirinuary  u|>[>liuricC8j  (or  hand  and  hoi*se-power;  and 
uiUt^r  lor"  mining  ij»  pnipcr  manner,  by  the  most  suitable 
powerful  water  or  etoam  machinery,  to  the  greatest  poai 
ih||>lhH. 

Tlio  trifling  maehincry  required  for  shallow  prelimi 
mining  hm  been  doHcribed  in  the  last  chapter,  where  requi 
and  IhoHo  more  jiomlGrona  engines  for  deep  and  extei 
mining  will  bo  ae|jurately  exphiincd  in  the  next  eha 
wliii^h  preL-eilct*  the  one  on  **Deep  Mining,  as  FacUitatei 
Hiich  MiiehincB/* 
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MkcDANICAL  ENOINBBftlNG    BeLOW  THE   SrRPACB. — Be 

lhi>  iK*co88ity  of  his  aid  in  the  elevation  of  the  water  an^ 
minorab  from  undergronud,  the  mechanieal  engineer  hiu 
been  en».'onraged  to  perfect  this  department:  and  the  ] 
wrought  miner  hm  therefore  to  perform  many 
and  toiUome  operations^  that  are  really  too  barthc 
lum»  who  18  already  oppi^essed  with  the  hardest  i 
aj^roeablc  labors  that  mortal  man  is  heir  to. 

Ther«  ixxv  many  things  that  could  be  done  macli ' 
Amall  and  conveniently  arrangtHl  machines  placed 
the  surface*  which  would  not  only  ease  off  the  most  laibo 
pariA  of  th^  miner's  dat}\  but  ^  fibcilit^te  the  world 
mwAk  miNpe  cauld  be  doot  in  the  same  lime,  and 
dettnble  l)iiug)»  perfemed,  that,  under  llie  presettt 
muecular  and  oomleiiiplible  alaviiig  system,  esonat  be  i 
liUebed  by  onfiumry  means.  The  most  dedrsble  sad 
nenl  of  whicli  sr^  the  hoisliiig  of  rock  during  Ae  \ 
ei^pM  sksfts  under  Itie  "^peatices, '  below  the  fixed] 
wfcince  iheeerfcee  esjgine  Iwfats  the  i 
intg  of  wttler  sttd  rock  diiru^  llie  woiaMm  of 
dtplli  se  BOW  ennk,  m  well  m  mm 
whi^  is  often  Ttgy  deawsMe  iw 
of  depnslfei  of 
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The  necessary  power  for  this  work  may  be  either  generated 

^the  main  pumping  rod  underground,  or  the  surface  engine 

»j  force  air  into  a  boiler  as  a  resen^oir,  to  be  conveyed 

the  required  places  through  comparatively  small  pipes,  for 

forking'  the  small  engines;  this  compressed  air,  having per- 

>rmed  tlie  work,  would  then  aid  in  the  better  ventilation  of 

liese  sectionSj  as  it  escaped  into  the  level. 

Or  the  power  may  be  water,  which  could  be  obtained  at 

^ore  tlian  sufficient  pressure,  from  tlie  column  of  water  over 

ihe  engine- gbart  pumps  at  the  different  levels,  and  conveyed 

by  still  shorter  pipes  through  the  level  to  the  machine,  and, 

iving  done  its  work,  it  would  return,  by  running  through  the 

^evel  into  the  cistern,  and  be  pumped  away  to  the  surface. 

The  small  quantity  that  would  be  thus  required,  UJid^r  such 
[pressure — ^say  but  from  two  to  ten  men's  power^ — would  not 
iiaarrange  the  w^orking  of  the  pumps  to  any  practically 
Im^onvenieut  extent* 

CompreBsed  air  may  be  also  used  in  some  rare  instances, 

w  rock-drilling  machines,  where  large  double-tmck  tunnels 

bave  to  be  driven  in  homogeneous  and  compact  ground;  or 

i  open  cuts,  where  there  is  plenty  of  room.     The  mechani- 

driHer  will  not,  however,  be  geuGrally  used  tor  the  ordi- 

[iry  isinking  or  driving  of  small  shafts  and  levels,  unless  very 

inch  improved  from  those  now  in  use,  so  as  to  combine  effi- 

iency  with  compactness  and  trifling  weight. 

The  machines  are  now  so  un wieldly,  that  the  trouble  of 

tmfj  for  drilling^  and  remoinng  them  from  this  ever-varying 

fork,  previous  to  blasting,  and  the  consequent  necessity  for 

[keeping  the  level  of  the  shaft  entirely  clear  from  the  broken 

[fock,  will  far  more  tban  outweigh  their  advantages,  even 

mm  they  given  to  the  miner  free  of  cost. 

In  new  countries  however,  where  labor  and  materials  are 
l^y  high,  they  may  become  somewhat  advantageous,  under 
ip^ttliar  circumstances  and  requirements. 
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CHAPTER    IV. 


THE  HYDRAULIC  ENGINE;  THE  CORNISH  PUMPING  ENGINE  AND 
pumps;  the  HAND  AND  STEAM  CAPSTAN,  HOISTING  MACHINEBy 
MAN   ELEVATORS,   AND  TRAM   ROADS.  ^ 

The  most  ancient  working  powers  were  derived  from  fidl- 
ing  water;  and  being  still  the  most  efficient,  trustworthy, 
and  economical,  it  should  be  always  used  when  present,  and 
even  when  near,  it  must  never  be  despised,  when  it  can  be 
rendered  subservient  to,  and  more  economical  for,  oar  pur- 
poses ;  but  when  it  can  only  be  obtained  from  a  great  distance, 
by  large  outlay,  the  following  questions  should  be  first  satis* 
factorily  answered. 

What  is  the  least  time  that  either  this,  or  steam  power,  will 
be  required  for  the  performance  of  the  necessary  work? 

How  much  will  it  cost  to  buy,  erect,  and  rnainiaiUy  steam 
power  for  this  period? 

What  will  the  water  flume  and  machine  cost? 

If  they  mhouhl  be  equaly  which  of  the  two  is  preferable  from 
other  stand-points? 

And  thus  your  determination  may  be  ratified.  If  the  mine 
should  work  longer  than  the  minimum  estimate,  the  water 
will  be  henceforward  a  costless  power,  and  consequently  a  con- 
tinual profit,  as  long  as  you  may  require  its  reliable  services. 

It  needs  less  expensive  attendance,  and  is  free  from  all 
danger  from  explosion,  etc. 

In  the  explanation  of  the  hydraulic  engine,  I  may  say  that 
I  was  consulted,  some  years  since,  by  the  Directors  of  the 
Great  Onslow  Consols  Mine,  in  reference  to  the  erection  of 
suitable  machinery  for  the  more  extensive  development  of 
their  property,  which  is  situated  at  about  the  middle  of  the 
County  of  Cornwall,  England. 

On  visiting  the  mine,  I  found  that  their  water-wheel,  of 
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forty-six  feet  in  diameter  and  five  feet  breast,  which  was  being 
used  for  pumping  the  water  out  of  the  mine,  then  about  four 
hundred  feet  deep,  was  insufficient  for  greater  depth,  and  had 
been  a  great  hindrance  to  their  progress  during  several  of  the 
immediately  preceding  summer  months. 

They  had  therefore  become  disgusted  with  this  water- 
wheel,  and  had  already  purchased  a  steam  engine  for  hoisting 
purposes,  and  w^ished  to  know,  previous  to  buying  a  steam 
pumping  engine,  what  size  or  power  would  be  most  suitable 
and  economical  for  this  work,  etc.,  etc.  Happening  to  enter 
the  property  from  the  right  direction,  I  saw  at  a  glance  that 
the  same  water  might  have  a  very  much  greater  fall,  by  a 
diversion  of  its  route,  and  which  was  proven,  the  next  day, 
by  actual  levelling,  to  be  some  two  hundred  and  eighty  feet. 
I  arranged  that  the  steam  engine  should  be  sold,  and  the 
water  used  for  all  purposes.  This  pumping  wheel  was 'then 
transferred  to  another  more  suitable  site,  and  erected  in 
proper  position  at  the  head  of  this  fall,  for  hoisting  (on  its 
one  side)  the  rock  from  the  mine,  and  for  crushing  the  ore  (on 
the  other  side);  a  double-track  railway  also  laid  down,  so 
that  the  full  car,  as  it  descended  to  the  mill,  might  hoist  the 
empty  car  to  the  mine. 

The  Hydraulic  Pumping  Engine — Was  erected  at  the 
foot  of  the  hill,  at  the  bottom  of  the  remaining  fall  of  water, 
and  supplied  through  a  cistern  head  E,  into  the  pipes  that  were 
placed  above  it,  to  do  the  amount  of  work  that  was  then 
required;  and  as  the  loa(\  increased,  the  pressure  column  was 
also  increased  in  height  oncas-ionaUt/,  ho  as  to  provide  a  com- 
manding excess  of  i)owor. 

The  general  profile  of  the  hill,  with  the  relative  position 
of  the  mechanical  appliances  for  pumping  the  water,  as  well 
as  for  hoisting  and  crushing  the  mineral,  are  all  shown  by  the 
accompanying  illustration  (Cut  35). 

Many  attempts  had  been  previously  made  to  pump  water, 
by  the  power  of  water  under  groat  pressure,  in  a  direct  man, 
ner,  like  the  Cornish  steam  pumping  engine;  but,  for  want 
of  proper  adaptation  of  the  parts  to  suit  the  more  wciyhfy" 
non-dasiic  water,  thorough  success  had  not  been  obtained 
until  this  instance.     Of  course,  the  French  tourbine,  and  the 
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many  modifications  thereof,  with  rapid  circular  motimSj  and 
extreme  distance  of  the  machine  power  from  the  Bfaaft,  would 
have  been  perfectly  unavailable  for  this,  and  most  other,  pump- 
ing purposes. 

The  working  cylinder  of  this  engine  was  twenty-five  inches 
diameter,  and  the  piston  rod  was  connected  in  a  direct  straight 
line  with  the  main  pumping  rod,  which  passed  over  the 
irregular  hill's  surface  on  flat  rollers  from  the  machine  to  the 
engine  shaft,  having  balance -boxes  and  stop -catches  where 
necessary. 

The  pressure  column,  which  also  conformed  to  the  hill's 
shape,  was  of  but  eight  inches  internal  diameter,  and  at  the 
lowest  possible  point,  just  over  the  entrance  valve  to  the 
engine,  was  placed  an  inverted  vertical  air  column,  which 
was  twelve  inches  internal  diameter  and  about  nine  feet  long. 
The  water,  in  its  passage  to  the  machine,  brought  down  suffi- 
cient air  in  its  interstices  to  supply  this  chamber,  and  it  thus 
formed  a  magnificent  cushion  against  the  enormous  pressure 
that  was  created  by  the  momentum  of  the  long,  quick  travel- 
ing column  of  water,  that  was  so  suddenly  occasioned  by  the 
valve  in  its  action  for  stopping  the  stroke  of  the  piston,  main 
rod,  pumps,  etc. 

To  govern  and  graduate  the  admission  and  release  of  the 
water,  so  as  to  place  the  engine  under  perfect  control,  a 
separate  engine  was  used  to  work  the  main  valve;  which 
engine  could  either  be  worked  by  hand  in  starting^  or  by  the 
main  rod,  in  an  ever-continuous,  self-acting  manner. 

The  whole  of  the  valves,  too,  were  of  peculiar  construction, 
and  balanced  for  better  floatation,  so  as  to  lessen  friction, 
wear,  etc. 

After  these  machines  had  worked  for  several  years,  an 
experienced  examiner  of  mines  (the  late  Captain  Nicholas 
Vivian)  said  that  they  gave  the  mine  an  advantage  over  all 
others  of  the  County  of  Cornwall,  from  efficient  and  econom- 
ical water-power  mechanisms. 

Thus,  the  rejected  power,  when  difterently  applied,  became 
the  most  subservient  auxiliary  for  successful  mining. 

It  may  be  arranged  for  /loisting,  crushing,  milling,  blowing  air, 
etc.,  with  even  greater  facility  than  for  pumping;  and  where 
<syuaJtbf  regulated  powers  and  speeds  are  required,  nothing  can  sur- 
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pass  ii^  performance^  for  whm  the  governing  valve  is  throUM 
under  excess  of  height  ami  pressure,  it  has  a  clock-like  equalitjf  cj 
motion,  which  is  but  sligkilg  affected  by  the  variable  amounts  of 
work  performed. 

The  roHNi^ii  PiMFiNu  Engixe  anu  PtMPS  ARE  Imperative 
Kecks.sities  for  Deep  Mixing. — The  Pacific  slope  U  de^stined 
to  become  ao  exteuBive  mining  field ;  each  year  will  deepen 
tlie  developments  of  mineral  veins,  and  the  difficulties  of 
pumping  water  and  hoiBtiiig  stufl^'  tlieretVom  will  geonietri* 
calk'  increase  as  depth  ia  attained;  ao  that  many  niine^  will 
waste  their  proeeeds,  and  succumb  for  want  of  mechanical 
appliances  for  deep  mining.  It  is  therefore  imperatively 
necessary  that  you  should  [profit  V»y  the  experience  of  otliere, 
am]  discard  those  lion -expansive  rotary  engines,  that  are 
entirely  unsuitcd  for  pumi»iiig  water  from  deep  mines,  from 
imperfection  of  strucnirc  and  extravagance  of  fuel ;  or  con- 
tinuously recurring  difficulties  and  accidents  will  have  to  be 
encountered,  and  these  temporary  machines  discarded  for 
the  more  appropriate,  substantial,  and  permanent  pumping 
engine,  at  a  time  wlven,  from  excessive  water  and  concomi- 
tant expense  incurred  by  delay  of  operations  under  full  stafli 
the  cure  of  the  evil  will  cost  far  more  than  the  prevention. 

It  is  not  uncommon,  in  mines  from  1500  to  2500  feet  deep  J 
tliat  pumps  of  from  fifteen  to  twenty  inches  in  diamet^erJ 
varying  from  eight  to  ten  feet  stroke,  are  required,  where] 
the  quantity  of  water  is  so  very  excessive  that  a  hindrance] 
of  twenty -four  hours  would  l)e  extremely  ruinous  to  the] 
financial  balance;    so  iliat  nothing  but  the  most  efficient  1 
arrangements  can  secure  continued  and  successful  labor,  with 
economy.     The  experience  of  Cornwall  in  this  department  is 
more  valuable  than  that  of  all  the  outside  world.     I  will 
therefore    endeavor    to    tie  scribe    the    *'Ooniish    Pumping  j 
Engine/'  which  I  deem   vastly  superior  to   all   othei's  fori 
pumping,  and  hope  it  may  be  adopted  here  as  elsewhere,! 
before  it  is  too  late;  as  it  is  equally  well  suited  for  all  stageaj 
of  mining,  intervening  between  the  discontinuance  of  thei 
'*horse-whira ''  barrel,  and  the  deepest  developments  of  man; 
saving,  as  it  does  in  every  way,  from  it,s  admirable  adaptatioo 
to  the  work,  not  only  in  iuel,  and  in  wear  and  tear*  but  also  J 
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by  less  breakages,  hindrances,  and  consequent  loss  of  mines. 
This  engine,  contrived  especially  for  pumping  water  from 
deep  mines,  by  several  of  the  best  engineers  in  the  worid,  is 
exceedingly  well  adapted  for  the  purpose;  in  fact,  it  is  for 
the  miner  what  the  direct-acting  steam  hammer  is  for  the 
blacksmith,  and  performs  with  ease  and  precision  duties  that 
could  not  be  otherwise  accomplished;  and  therefore  embod- 
ies many  peculiarities,  some  of  which  may  be  described  as 
follows. 

We  will  suppose  tliat  a  ponderous  scale-beam  is  poised  on 
what  is  termed  the  ''bob"  wall  of  the  engine  house;  the 
inner  scale-pan^  being  suspended  by  the  piston  rod,  constitutes 
the  piston  of  the  cylinder,  and  the  outer  scale  being  the  rep- 
resentative of  the  various  pumps  vertically  suspended  to  the 
outer  end  of  the  beam  by  the  main  (directly  connected)  rod, 
that  extends  from  the  surface  to  within  some  fathoms  of  the 
bottom  of  the  shaft.  It  has  no  crank  or  fly-wheel,  nor  is  it 
confined  to  an  exact,  undeviatiug  length  of  stroke;  but  it 
can  be  moved  at  the  pleasure  of  the  worker,  for  all  desirable 
lengths,  and  is  in  itself  continually  varying  within  certain 
limits,  as  the  load  in  the  shaft,  or  steam's  pressure  in  the 
boiler,  may  increase  or  decrease,  etc. 

Engines  of  this  description  have  varying  sizes,  from  twenty 
to  one  hundred  and  forty-four  inches  in  diameter  of  cylinder, 
of  from  nine  to  twelve  feet  stroke  of  piston,  and  from  eight 
to  ten  feet  in  the  puini)s;  the  comparative  length  of  inner 
and  outer  ends  of  the  main  lever  being  governed  thereby, 
afler  the  relative  ratio  of  one  foot  eight  inches  for  each  foot 
of  the  stroke ;  a  ten  feet  stroke  of  piston  having  sixteen  feet 
eight  inches  for  inner  length  of  beam,  the  outer  length  being 
for  a  nine  feet  stroke,  flfteen  feet  beam ;  which  are  the  lengths 
preferred,  for  large  and  small  engines  alike;  because  of  the 
better  actions  of  expansion  and  practical  pumping  by  the 
quicker  travel  of  the  steam  or  piston  end. 

The  number  of  strokes  per  minute  is  regulated  by  the 
screw  governor,  of  an  automatically  contrived  hydraulic  time- 
keeper, either  for  an  intermittent  motion  of  one  stroke  in  ten 
minutes,  or  any  required  number  up  to  twelve  strokes  in  one 
minute ;  being  sufhcient  for  the  greatest  variations  that  are 
required  in  mining,  and  extremely  exact  for  regular  extrac- 
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tion  of  water.  The  time  of  making  individual  strokes  is  also 
varied,  and  made  subservient  for  the  requirements  of  bott 
the  engineer  and  shaft-men,  by  elevating  the  load  by  more  or 
less  ea:pansmi^  iu  from  two  to  six  seconds,  and  returning  the 
pump-rod  with  attachments  for  ensuing  strokes,  by  balance 
in  from  four  to  ten  seconds;  the  latter  being  sometime!^  fur- 
ther restricted  ia  dangerously  quick  descent  from  pump- 
valves  chipping,  by  the  partial  opening  of  the  equilibrium  or 
outlet  valve,  as  its  handle  is  bridled  by  a  rope. 

As  the  weight  of  the  pump-rod,  with  fixings,  is  more  than 
the  w^eight  of  the  water  to  be  lifted,  or  the  work  to  be  per- 
tbrmed,  the  action  has  been  reversed;  and  the  power  of  this 
eiugle-acting  steam  engine  is  employed  only  iu  lifting  their 
weight,  whiehj  in  descending,  performs  the  work  on  the  con- 
secutive plungers  or  tbrce-pumps,  placed  at  distances  of  from 
one  hundred  and  fifty  to  throe  hundred  feet  asunder,  and 
which  extend  from  the  surface  to  the  bottom  or  suction 
pump,  that  is  invariably  used  in  sinking  shafts,  but  promptly 
substituted  by  plunger  fixtures,  as  soon  as  possible,  to  relieve 
the  extra  strain  from  the  main  rod,  to  lessen  the  weight  in 
the  balance-box,  and  consequently  friction* 

These  force  pumps  are  sized  for  the  quantity  of  water  to 
be  pumped  from  their  respective  levels;  w^hich  is  a  matter 
of  careful  consideration,  to  prevent  wasteful  ditferences  that 
would  have  to  be  re-lifted  in  their  successive  supplies,  to 
keep  the  larger  pumps  foil  of  water. 

The  suction  or  *' draught''  pump  is  always  made  larger 
thanXhose  above,  to  give  the  shaft-men  the  advantages  of  its 
ventilation,  greater  certainty,  durability  of  leathers,  and  more 
speedy  clearance  of  the  water  from  the  very  bottom,  previous 
to  drilling  or  charging  sinking  holes. 

The  pumps  should  never  be  worked  faster  than  is  neces- 
sary for  their  full  supply;  which  is  so  exactly  and  beautifully 
pertbrmed  by  tliis  engine,  that  a  whole  watch  may  be  fre- 
quently passed  without  alteration  of  speed,  or  excess  in  th§ 
number  of  strokes. 

The  engine  has  four  balanced,  double-seated  valves,  called 
the  "governor,"  **steam''  or ''expansion,"  "exhaust,"  and 
** equilibrium;"  the  first  is  varied  by  a  screw  motion;  the 
second,  third,  and  fourth  by  handles,  and  self-acting,  leather- 
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faced  slides  or  "plugs"  attached  to  and  worked  by  one  or  two 
parallel  and  perpendicular  rods  from  the  main  beam,  which 
plags  are  adjusted  to  the  varying  requirements  of  the  work 
to  be  performed. 

Modern  engines  are  all  fitted  with  air  pumps  and  con- 
densers; but  they  may  be  worked  as  puffing  engines,  for 
peculiar  places.* 

The  boilers  also  known  by  the  name  of  Cornish  boilers 
wpe  composed  of  two  cylinders,  secured  by  one  end-plate  at 
each  end,  the  fire  being  lighted  in  the  inner  cylinder;  the 
flues  range  through  the  inner  tube,  back  by  both  sides,  and 
pass  by  one  channel  underneath  the  boiler,  away  to  the  chim- 
ney, at  a  less  temperature  than  212°;  the  gases  from  com- 
bustion being  deprived  of  all  efficacious  heat.  They  are 
each  provided  with  stop  and  safety  valves,  glass  gauges,  and 
gauge  cocks,  separate  dampers,  feeds,  etc.,  so  that  one  or 
more  may  be  worked;  thereby  enabling  the  workmen  to 
repair,  or  cleanse,  as  oftcn^s  may  be  required,  without  delay- 
ing the  workings  of  a  deep  mine. 

The  pressure  of  steam  is  from  thirty  to  sixty  pounds  per 
inch,  but  generally  about  forty  pounds,  and  is  admitted  and 
released  to  and  from  the  engine  as  follows.  The  engine- 
worker,  standing  betbre  the  handles,  slips  the  catch  of  the 
exhaustion  handle;  this  valve  opens  communication  to  the 
condenser,  and  at  the  same  time  the  motion  admits  the  injec- 
tion water  from  the  cistern  to  the  condenser,  which  being 
allowed  about  two  seconds  for  entrance  and  condensation,  the 
catch  of  the  steam  is  lifted,  and  the  steam  handle  and  valve 
opens  and  admits  steam,  properly  regulated  by  the  governor 
valve's  screw,  by  slow  additions;  the  descending  motion  of 

*The  largest  and  heaviest  engine  that  was  ever  made,  was  manufactured 
some  twenty-six  years  since,  by  Messrs.  Harvey  k  Co.,  at  Haylc  Foundry,  Corn- 
waU;  for  the  drainage  of  the  Ilarlaam  Lake,  Holland:  its  outer  cylinder  was 
one  hundred  and  forty-four  inches,  and  the  inner  cylinder  was  eighty-four 
fnches  in  diameter.  It  worked  thirteen  levers,  which  intruded  their  inner  ends 
and  rollers  under  its  large  and  ponderous  piston  rod's  '^disk  cap,"  whilst  their 
centres  were  supported  on  the  embrasured  wall  of  an  immense  round-house, 
and  the  outer  protruding  ends  worked  as  many  sixty-inch  pumps  of  from  ten  to 
eleven  feet  stroke,  some  ten  strokes  per  minute.  This  engine  was  modified  to 
Boit  the  requirements  of  this  case,  where  a  very  large  quantity  of  water  had  to 
be  lifted  but  a  short  distance. 
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piston  rod  or  beam  being  closely  watcbed,  so  that,  if  neces- 
sary, the  steam  valve  may  be  closed,  the  oxbaustioa  from 
beneath  suddenly  stopped,  and  the  engine's  motion  arrested 
by  the  cushion  of  retained  vapor;  the  eqnilibrinm  handle 
and  valve  is  next  opened,  to  allow  the  t^team  to  escape  from 
the  top  of  the  piston  to  the  bottom  thereof  (in  equilibrium), 
just  as  fast  as  is  necessary  for  the  ascent  of  the  piston  and  the 
descent  of  the  puoips,  by  the  balance,  which  must  be  now 
adjusted  by  throwing  the  balance  rock  into  or  out  of  the  box. 
The  cylinder-foil  of  steam  is  retained,  until  the  exhaustion 
valve  opens  to  repeat  the  next  stroke,  to  support  warmth, 
and  prevent  inhalation  of  atmosphere,  that^vould  vitiate  the 
perfect  vacuum ;  separate  steam  ia  also  turned  into  the  piston 
rod  stuffing-box,  for  similar  purposes,  and  the  whole  of  the 
surfaces  of  boilers,  steam  boxes,  pipes,  and  engines  are 
thickly  covered  with  a  non-conducting  substance.  A  few 
strokes  is  all  that  is  nccesHiiry,  with  skilled  drivers,  to  render 
the  engine  self-acting  and  properly  balanced;  the  correct 
apeed  only  remains  to  be  ascertained  and  regulated.  Suita- 
ble preventive  catches  or  stops  are  made,  of  great  strength, 
at  each  end  of  the  stroke,  so  as  to  prevent  accidents  froia 
loss  of  lode,  etc.,  etc.;  and  a  code  of  numerical  bell  signals 
are  used,  to  inform  the  drivers  of  the  requirements  of  the 
shaft-men;  thus,  any  number  above  ten  means  to  work  or 
stop  the  engine;  seven,  work  faster;  six,  slower;  five,  take 
her  up  slowly;  four,  lower  tslowly;  one,  stop,  or  hold  fiist, 
etc.,  etc.  These  are  performed,  by  the  peculiar  adaptability 
of  the  engine  for  the  work,  as  well  as  all  other  requisite 
movements,  with  great  facility,  exactness,  and  dispatch  (that 
can  be  approaclied  in  precision  by  no  mechanical  movement 
but  that  of  the  steam  hammer);  and  the  engine  shows,  more- 
over, to  an  expterienced  eye,  on  the  face  of  her  every  move- 
ment, the  faults  of  the  pit-work,  and  where  the  error  is 
located.  The  above  numbers  are  arranged  so  that  the}'  shall 
not  conflict  with  those  for  the  hoisting  machine,  where  three 
means  to  hoist,  and  two  to  lower. 

These  eminent  advantages,  from  the  general  adaptation  of 
direct  action,  iutermittent  motion,  slow  combustion  and  gen- 
eration, minimum  friction  and  radiation,  with  maximum 
expansion  of  steam,  cannot  be  despised  with  impunity;  aa 
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they  reduce  the  consumption  of  fuel  from  fifty  to  two  hun- 
dred per  cent.,  as  compared  with  many  rotary  engines  now 
placed  on  this  work,  and  enal)le  the  miner  to  attain  thrice 
the  depth,  with  greater  comfort,  and  much  less  anxiety  an<l 
danger.  I  would  therefore,  in  conclusion,  most  emphatically 
impress  the  importance  of  the  Cornish  arrangements  for 
pumping,  both  above  and  below,  in  the  steam  engine  and 
pump  fixtures,  as  possessing  superlative  advantages,  for  effi- 
ciency and  economy,  that  can  be  fully  appreciated  only  by 
the  most  experienced  practical  men;  but  which  are,  notwith- 
standing, so  well  recognized  in  the  English  mining  market, 
that  no  prudent  man  will  buy  shares  in  a  mine  having  an 
"extravagant  rattle-trap  rotary  toy"  for  pumping,  but  will 
prefer  waiting  for  the  regular  pumping  engine  that  must 
inevitably  follow,  to  properly  develop  a  mine,  even  where 
fuel,  labor,  and  materials  are  cheap. 

If  such  arrangements  are  discarded  there,  how  much  more 
strongly  should  they  be  condemned  in  this  expensive  coun- 
try, where  greater  profits  are  expected  to  be  realized  from 
mining?  To  be  forearmed  has  been  considered  half  the  bat- 
tle; 80  let  those  interested  take  warning,  and  be  prepared  for 
these  contingencies,  before  it  is  too  late. 

It  has  been  stated  that  this  engine  is  much  more  heavy 
and  costly  than  the  common  engine;  but,  as  it  has  no  fly 
wheel  shaft,  fly  wheel,  nor  tooth  wheels  of  any  kind,  this  is 
as  evidently  as  it  is  substantially  untrue. 

In  fact,  one  peculiar  kind,  called  the  "bull  engine,"  by 
teing  applied  in  a  direct  manner  to  the  main  pumping 
rod,  has  not  even  a  main  lever,  nor  other  weighty  parts, 
save  the  cylinder,  piston  and  rod,  with  the  valves  and  small 
gear. 

When  necessary,  the  large  and  more  complete  engine  may 
he  much  lightened  by  having  the  lever  made  of  malleable 
"boiler-plate"  iron,  or  even  of  wood,  on  the  mine,  which 
maybe  bridled  with  iron  from  each  end  over  a  central  "king- 
post" of  wood. 

By  either  of  the  last  arrangements,  they  are  preeminently 
light  engines.  With  metallic  pistons,  the  cylinders  may  be 
even  made  in  several  accurately  jointed,  flanged  rings,  for 
carriage  into  mountainous  regions. 
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The  best  and  lightest  tubular  boilers  may  be  alf<o  substi- 
tuted for  those  previously  explained, 

I  would  not  that  local  fouuderB  should  suppose  that  I  am] 
advoeatiug  the  necessity  for  its  direct  importation  from  the] 
Coniish  engine-makers  (although  it  is  a  rather  strange  fact 
that,  although  some  of  the  largest  and  best  of  the  outside 
city  founders  have  tried  their  hands  at  it»  both  for  water- 
works and  the  coal  aiiucs  in  the  north  of  England,  yet  still 
those  made  and  erected  by  the  Cornish  have  always  surpassed 
all  others,  both  in  efhcieney  and  economy);  my  intentions 
are  to  benefit  the  mining  of  this  country,  and  therefore  you. 

They  must,  however,  be  made  and  erected  in  a  proper 
manner;  and  there  are  those  here  who  can  now,  as  oftentimes 
before,  either  draw,  make,  erect,  or  work  them  atlerwarda, 
if  it  should  be  necessary  to  do  so,  in  precisely  the  same 
manner  as  they  are  made,  erected,  and  worked  in  Cornwall. 


TuE  Hand  Capstan — Is  generally  placed  on  the  opposite 
side  of  the  shaft  from  the  liorse-wbim,  and  may  be  descrilied 
as  follows.  A  skeleton  fi^ame  is  first  erected,  similar  to  that 
for  the  wdiim,  but  is  somewhat  lower,  and  much  stronger 
made,  and  stayed  by  a  straight  "studdle"  or  "shore,"  from 
the  head  beam  to  the  shear  leg,  so  as  to  be  perfectly  sate 
against  all  the  weights  that  it  will  ever  be  necessary  to  lift  or 
lower  therewith.  A  strong  wood  axle  is  next  made,  which 
is  square  in  the  middle  and  round  at  the  ends,  and  into  each 
end  an  iron  axle  is  secured,  when  the  ends  of  the  wooden 
axle  are  strongly  bound  by  shrinking  on  wrought-iron  hoops.  M 
The  bottom  end  of  the  wood  axle,  which  must  be  from  eighteen  ■ 
to  twenty-four  inches  in  diameter,  has  a  thin  disk  of  w*ood, 
of  about  thrice  this  diameter,  whieli  is  brought  up  over  the 
iron  axle,  square  under  the  end  of  this  wood,  so  as  to  form  a 
true  support  and  platform,  to  guide  the  winding  of  the  ro| 
on  the  reel,  and  to  prevent  it  from  dropping. 

The  bottom  iron  axle  is  now  placed  straight  down  iiif 
the  hole  that  has  been  expressly  drilled  into  a  heavy  stone, 
and  the  axle,  being  thus  erected,  is  also  entered  into  the  I 
upper  hole  of  a  piece  of  strong  iron,  that  has  been  screwed 
on  to  the  beam.    From  four  to  sixteen  arms  are  now  fastened 
on  to  the  square  part  of  the  axle,  in  the  manner  of  fixing  for 
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a  water-wheel,  at  about  the  height  of  a  man's  elbow,  and  the 
central  half  of  the  whole  is  covered  with  a  central  and  coni- 
cal wood  roof,  to  protect  the  rope  from  rain,  etc.,  when  the 
rope  can  be  now  pat  on,  and  a  gangway  cut  from  it,  in  a 
straight  line  from  the  working  side  of  the  axle  to  the  shaft- 
pulley,  so  that  it  may  pass  entirely  under  the  roadway. 

Small  suspension  rods  may  be  now  fixed  from  the  middle 
of  the  main  arms  to  the  upper  end  of  the  axle,  to  support 
their  weight,  and  it  is  ready  for  being  manned  for  use.  The 
capstan  rope  is  first  passed  out  through  the  subterranean 
gangway,  over  suitable  rollers,  and  under  a  pulley  in  the  leg 
of  the  "shears,"  thence  over  another  at  its  head;  both  of 
which  having  been  previously  placed  in  proper  position  for 
commanding  a  suitable  direction  of  the  rope  from  the  capstan 
axle  to  the  lower  sheave,  and  its  central  drop  from  the  upper 
pulley  into  the  shaft  or  capstan-way.  (See  Figure  C,  Cut  85, 
in  the  sectional  surface  contour  of  the  Great  Onslow  Consol- 
idated Copper  Mine,  and  its  machinery,  page  874.) 

The  Steam  Capstan — Is  almost  a  necessity  for  deep  and 
extensive  mines,  as  the  hand  capstan  is  not  only  too  slow  in 
action,  but  also  too  expensive,  as  it  requires  so  many  men  to 
work  it,  when  heavy  weights  have  to  be  lowered  or  elevated 
great  distances. 

It  has  been  the  practice  to  employ  an  especial  engine  for 
this  purpose ;  but  the  arrangement  shown  by  Cut  36,  for  the 
surface  mechanisms,  simplifies  and  cheapens  the  initial  stages 
of  mining,  ^o  that  one  thing  shall  follow  another,  without 
destroying  the  old  arrangement  of  parts  to  make  room  for 
the  new ;  and,  in  this  connection,  the  double  cylinder,  expan- 
sive action  hoisting  engine  performs  both  duties,  by  merely 
disconnecting,  by  an  easy  arrangement  of  motion,  the  hoist- 
ing or  capstan  gear,  as  required.  The  other  peculiarities  will 
be  described  in  the  chapter  on  "Deep  Mining,  as  Facilitated 
by  such  Machines."  The  steam  capstan  is  shown,  in  the  act 
of  hoisting  a  piece  of  main  rod,  with  the  side  "strapping" 
or  connecting  plates  attached,  for  greater  facility  in  connec- 
tion, when  lowered  to  its  place  under  the  other  rods. 

You  will  notice  that  peculiarity  of  the  shears,  where  the 
sbieve   is  so  fixed  that  the  rope  works  outside,  instead 
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of  underneath  in  the  usual  manner,  by  which  the  rod  may 
be  hoisted  to  the  very  lasHmff^  so  that  a  much  less  heiglit  of 
shears  will  suffice. 

In  this  arrangement,  tbe  pumping  engine  and  the  hoisting 
engine  are  at  right-angles  with  the  vein ;  the  tbrmer  is  on  the 
foot- wall  eide,  and  the  balance  beam  is  towards  the  vein,  and 
intentionally  placed  in  tlie  direction  ^vhere,  in  the  future 
working,  a  pumping  rod  may  be  required* 

In  this  inBtanee,  which  I  have  ^iven  as  an  example,  two 
horizontal  engines  are  fixed  to  work  on  right-angled  cranks, 
one  at  each  end  of  the  hoisting  drum  or  reel,  the  whole  being 
fixed  on  strong  wood  bearers,  that  run  the  whole  length,  and 
which  are  acrewed  down  on  a  heavy  stone  loading,  and  thus 
this  part  is  complete ;  but,  in  order  to  render  it  suitalvle  for  cap- 

'  fitaning  a  bo,  a  tooth- wheel  of  about  thirty  inches  in  diameter 
and  eight  inches  wide  is  keyed  on  to  the  shaft  (which  is  made 
thus  much  longer  for  this  purpose),  just  inside  of  the  stooL 

Into  this  wheel  another  tooth-wheel  of  about  six  feet  in 
diameter  must  be  geared,  in  such  away  that  it  may  be  sliddeu 
in  or  out  of  gear  by  a  suitable  screw;  in  this  shifting,  the 
wheel  and  this  end  of  the  shaft  is  moved,  but  the  other  end 
need  not  be  movable;  for  eitber  a  ball'shaped  journal  may 
be  used,  or  the  stool  may  be  swivelled  thus  much,  so  as  to 
turn  on  a  centre.     Thus,  both  the  hoisting  and  capstan  bar- 

•  rels  are  opposite  their  respective  works  or  parts  of  the  shaft* 
In  this  instance,  the  former  has  a  wire  rope,  which  serves  for 
double  hoisting,  by  working  on  a  plain  cylindrical  barrel  of 
not  less  than  nine  feet  in  diameter  (the  shaft^pulley  being 
twelve  feet),  wiiilst  the  latter  has  a  tianged  drum  of  about 
lour  feet  in  diameter,  on  which  is  secured  the  end  of  a  hemp 
rope,  the  size  of  which  is  somewhat  governed  by  the  diame- 
ter of  the  pumps;  it  should,  however,  never  be  less  than 
about  eight  inches  in  circumference,  and,  when  the  diameter 
of  the  pumps  exceed  this,  the  rope's  circumference  should 
follow  equally,  as  a  lune-itich  diaoieter  pump  should  have  a 
nine-inch  circumference  rope;  an  eigh teen-inch,  an  eighteen- 
inch  rope,  etc.,  and  as  long  as  is  necessary  for  the  working 
of  deep  mines;  it  will,  however,  be  better  to  firet  have  the 
rope  about  one  thousand  feet  long,  as,  by  the  time  this  depth 
is  attained,  a  new  one  will  be  necessary. 


METALLURGISTS     COMPANION, 


885 


The  Cornish  Stkam  Capstan — Has  been  generally,  if  not 
always,  worked  by  one  long-stroke  vertical  engine,  which  ib 
mostly  kept  for  this  expresB  purpose;  but  it  may  have  been 
also  used  for  the  elevation  of  the  men  from  very  deep  mines. 
This  engine  is  fixed  half  in  the  house  and  half  without,  so 
that  the  beam  may  work  on  the  end  wall,  like  the  pumping 
engine  (shown  at  Cut  36);  but  witli  this  difference,  that  the 
connecting  rod  is  attached  to,  and  follows,  the  circular  motion 
of  a  crank. 

The  cmnk-axle  has,  of  course,  the  pinion  wheel,  which  is 
geared  into,  and  drives,  the  drum  axle  wheel,  of  about  four 
times  its  diameter,  which  is  suitably  fixed  in  position  to  com- 
mand the  shaft.     Two-legged  shears  are  almost  invariably 
used  in  Cornwall  (like  that  shown  in  Cut  35,  over  the  engine 
shaft),  and  they  take  a  position  that  is  about  parallel  with  the 
front  of  the  engine-house,  or  in  a  lengthwise  line  with  the 
engine  shaft,  when  the  engine  is  fixed  as  shown  by  Cut  36; 
Bbut  the  shears  has  to  be  frequently  turned  in  a  somewhat 
^oblique  direction,  to  avoid  the  balance  beam,  which  is  also 
generally  fixed  at  the  end  of  the  shaft,  unless  there  is  a  much 
■  stronger  probability  or  direct  intention  that  paralkt  lodes  will 
require  the  water  to  be  pumped  therefrom,  than  the  extreme 
«nd  of  this  lodCy  when  the  balance  beam  is  placed  in  line  to 

do  80. 

This  very  lofty  biped  shears  has  a  large  and  small  pulley 
fixed  over  its  head,  in  such  a  way  that  the  rope  can  only 
'v^ork  through  the  cap*H  bearers;  and  therefore  much  height 
^®  wasted,  as  long  rods  cannot  be  hoisted  nearer  than  some 
^^^enty  or  thirty  feet  to  the  fastening  rope  or  chain,  without 
®^^aying  the  boltom  end  of  the  rod  far  away  from  the  shaft, 
**^  it  approaches  under  the  cap. 

The  end  of  the  capstan  rope  being  first  secured  to  the  bar- 
""^l,  the  whole  of  the  rope  is  carefully  wound  thereon,  and 
^*^eu  unwound  and  passed  back,  over  rollers,  through  the 
'^^arer  foot  of  the  shears  (in  which  there  is  a  suitable  pulley, 
**^Hed  in  line  both  with  the  ^'capstan'*  barrel's  centre  ami  the 
shears*  head  pulley),  and  thence  overhead  and  into  the 
»haft. 

The  capstan  rope  should  be  covered  or  housed  as  much  as 
.     possible,  BO  as  to  protect  it  from  the  deleterious  effects  of  the 
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weather ;  and  when  it  becomes,  firoui  any  cauBe,  in  any  way 
Qurel table,  it  sliould  be  tested  occasionally  with  a  greater 
weiglit  than  is  ever  required  to  be  lifted  for  the  real  practical 
purpoejes.  It  is  much  better  to  break  a  rope  in  this  manncrf 
when  no  other  harm  can  result,  than  at  a  more  inopportune 
moment,  when  the  falling  bodies  might  create  the  utmost 
havoc,  or  cause  the  loss  of  your  "pumpe,"  or  even  the  lives 
of  the  workmen. 

More  than  one  instance  has  occurred,  where  an  insigotfi- 
cant  weight  has  broken  a  damaged  rope,  that  would  have 
borne,  in  its  full  strength,  one  thouBand  times  the  weight,  A 
friend  of  mine  was  killed  under  such  conditions,  when  notb- 
ing  but  the  swing  stage  and  himself  were  being  sent  down 
a  ehaft  that  required  some  examination  and  repairs. 

Tlierc  is  no  particular  advantage  in  the  very  long  double- 
stick  shears;  and,  where  it  is  applied,  the  separate  foar- 
legged  stand  must  be  also  had  recourse  to  for  hmstinf 
purfioses. 

The  arrangement  shown  by  Cat  36  is  trustworthy,  serve? 
all  purposes,  with  much  shorter  and  chenper  timber,  aaJ 
gives,  in  addition  to  the  advantages  already  named,  that 
fiM3ility  afforded  by  the  securing  the  hoisting  bearers  with 
"staples  and  glands"  around  the  leg«,  for  elevating  the  hoirt- 
ing  head  as  often  as  may  be  required  for  the  heightening  of 
the  shaft  bomciw  and  shaft  timbers,  as  the  rock  is  drawn  fr>ic» 
the  mine  during  the  earlier  stages  of  excavations  both  by  th 
horse  and  steam  whims. 


1 


The  Oornish  Steam  Hoistikg  Engines. — ^It  has  been  8tate(^ 
that  the  Cornish  pumping  engine  surpasses  all  others  fo^* 
pumping,  for  it  is  indeed  one  of  the  perfected  wonders  olfl 
man  H  mechanical  ingenuity,  as  peculiarly  adapted  for  thi^^ 
snbetautial  pui^K*se;  but  such  cannot  be  said  of  their  hoist— ^ 
ing  machines,  for  they  have  been  as  badly  contrived  for  i 
work,  in  all  their  surface  and  undei^round  appliances, 
they  were  expensive  in  fuel;  and  it  is  but  a  few  years  sii 
that  the  mone  observing  Mining  Engineers  have  given  it  an^ 
commensorate  attention. 

A  certain  type  of  such  engines  have  been  erected  all  ovc^ 
the  county,  which  should  serve  as  beacons  for  avoidance. 


•th^ 
ino^l 
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It  will  be  therefore  wasting  space  to  describe  them,  any 
further  than  to  state  that  they  are  single,  condensing  engineg^ 
which  vary  from  about  eighteen  inches  to  twenty-six  incbeft 
in  the  diameter  of  cylinder,  and  from  about  four  feet  to  eight 
feet  stmke;  are  of  vertical  action,  carry  steam  the  whole 
fttrolce  [with  no  expansm})^  which  enters  and  leaves  the  cylinder 
by  four  disk  valves,  as  caused  by  tappet  motions  and  catches^ 
and  regulated  by  a  governor  valve. 

Tliey  are  hand -worked  by  two  handles,  which  can  be 
seized  at  pleasure,  as  required  for  easing,  stopping,  reversing^ 
or  throwing  retarding  cushions  of  steam  the  reverse  way 
when  lowering  the  single  bucket  in  deep  mines. 

Against  this  one  advantage,  thus  so  clumsily  attained  thftt 
it  requires  much  practice  to  perform,  stand  very  many  disad- 
vantages, which  are  not  solely  confined  to  the  engine  house; 
for^  generally  speaking,  chains  are  used,  which,  working 
between  the  arms  of  horizontal  or  vertical  *'  forked  cages,*' 
are  not  only  extremely  noisy,  but  dangerous,  as  it  is  quite  a 
common  occurrence  for  such  chaiius  (which  have  several  thou- 
sands of  welded  links)  to  break  from  imperfect  engineering, 
en  route  of  the  kibbles  through  the  shafts;  for,  not  beiog  M 
guided,  they  have  full,  unrestricted  sway,  in  their  ascent 
and  descent;  many  things  combine  to  snap  the  chain,  and 
frequent  havoc  and  delay  ensues,  in  spite  of  the  greatest  care 
of  the  driver. 

Now  the  kibble  hitches  ere  it  leaves  the  plat;  or  the  bed 
plank  gives  way,  and  it  catches  a  sleeper;  or  they  fail  to  pass 
each  other  freely,  and  the  descending  kibble  is  arrested  and 
brought  up,  but  to  fall  away ;  or  tlie  chain  hitches  between 
the  angle  rollers,  etc*,  etc.;  so  that  if  the  chain  does  not 
break,  it  strains  and  weakens,  and  the  bucket  arrives  par- 
tially or  wholly  emptied;  but,  even  worae  than  all  these,  the 
friction  is  so  terrific,  at  all  times,  that  neither  lair  speed  can 
be  made,  nor  quantity  of  rock  be  drawn  from  the  mine;  80 
that  more  shafts  and  engines  must  be  applied  than  are  really 
necessary. 

It  is  amusing,  aa  well  as  most  instructive,  to  look  back 
through  life  at  these  untoward  delays,  as  seen  by  the  light  of 
the  ''lander's''  lantern;  for  it  is  the  general  supposition  that 
they  happen  most  frequently  at  the  worst  possible  times. 
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Trevithick,  who  first  applied  the  steam  engine  to  the  rail- 
ay  aod  common  road  carriage,  was  a  Cornish  man;  but, 
though  he  was  engaged    through  his  whole  life    in  the 
echanica  of  mining,  he  overlooked  the  application  of  raila 
d  cars  as  guided  through  shafts,  with  the  great  advantages 
,t  have  been  since  obtained   bj  such  subterranean  rail- 
;  fio  that  the  miner  continued  to  sink  vertical  shafts,  to 
avoid  these  general  evils*     Some  of  the  largest  and  deepest 
ines  in  Cornwall  have  no  such  railways,  but  still  use  these 
^ominable  kibbles,  as  drawn  over  the  bed  plank,  or  naked 
all,  by  the  noisyj  uncertain  chain;  but,  in  all  such  cases« 
le  men  are  as  antiquated  in  their  notions  as  their  mechan- 
iras  are  barbarous. 

In  later  years,  the  founders,  by  becoming  largely  interested 
I  mines,  and  being  also  coal  merchants,  have  to  a  great 
Detent,  had  things  a  little  too  n\uch  their  own  way,  and  all 
alterations  of  their  patterns,  or  adoptions,  are  opposed;  so 
bat  an  engineer  has  but  little  encouragement  for  improve- 
ents. 

Some  years  since,  I  contrived  a  very  cheap  and  eftective 
'rangement  of  gear,  that  could  be  readily  applied  to  these 
rery  numerous  four-valved,  non- expansive  engines,  which 
hould  still  retain  their  one  facility  when  handled,  and  give 
hem  the  much  greater  advantage  of  any  degree  of  expansion 
hen  working  alone. 

It  appeared  the  very  desideratum  against  this  crying  evil 
ind  extraordinary  waste  of  fuel,  and  should  have  been  a 
kfofitable  patented  right;  but  not  so,  for,  on  consulting  a 
Bading  firm,  I  was  quaintly  informed  that  it  would  not  be 
\  their  interest  to  save  fuel,  and  thus  it  ended  in  smoke. 

The   hoisting  engine  should   have   the   following  excaU 
nc69. 

!•  It  should  perform  the  work  with  the  utmost  economy 
'  fuel,  by  the  continual  expansion  of  steam. 

2.  Be  capable  of  stopping  or  starting  from  all  parts  of  the 
ivolution,  to  suit  all  heights  and  depths. 

3.  Be  able  to  move  either  very  slow,  or  fast 

4.  Be  always  within  easy  control,  under  all  variations  of 
leed^  when  elevating  or  lowering  ita  load. 
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5.  The  levels  and  shafts  should  be  provided  witli  rails  and 
wheeled  care,  to  taeiHtate  the  speed  and  econoiny  of  the 
engine,  during  the  removal  of  the  rock. 

6.  The  shaft  cars  should  work  in  pairs,  for  better  balance 
And  reerulation  of  the  work, 

7.  Provided  that  sufficient  strength  and  these  excellences  \ 
ore  retained,  the  first  costs,  both  for  purchase  and  erection, , 
phould  be  as  low  as  possible, 

Tlie  liest  eng-ines  for  obtaining  all  these  advantages  are  the 
horizontal,  double  cylinder,  expansive  steana,  condensing 
engines,  as  fixed  and  attaclied  to  right-angled  cranks,  at  each 
end  of  the  drum,  for  double  draught,  by  wire  or  hempen 
rope,  in  the  manner  shown  by  Cut  S6;  and  when  the  interest 
of  the  mhier  is  considered,  rather  than  that  of  the  founder, 
they  may  be  made  and  erected  as  follows. 

The  engine  house  and  the  outside  loading  are  built  of 
rttrong,  hard,  and  heavy  stone,  up  to  the  level  of  the  wood 
bearers,  on  which  the  cylinders  and  outer  stools  are  laid. 
This  stone  loading  must  have  the  necessary  holes  for  the 
"holding  down*'  or  securing  screws  to  pass  up  through,  to 
fasten  down  the  engine,  etc,  to  the  work.  The  sleepers  that 
thus  support  the  two  crank  stools  should  pass  from  one  end 
of  the  work  to  the  other;  whilst  the  parallel  pieces,  that  also 
form  half  of  the  beds  for  cylinders,  should  pass  from  the  one 
end  of  the  engine  room  to  the  other,  so  as  to  completely  jam 
between  the  end  walls,  when  they  are  screwed  down  on  the 
bed* rock  or  loadings  to  obtain  more  permanent  stabili^. 
The  sleeper  that  supports  the  nearer  end  of  the  capstan  stool 
should  pass  from  one  entl  of  the  stone  work  to  the  other,  and 
be  even  more  strongly  secured  down  than  the  others,  and  its 
holding  down  screws  should  not  be  veiiical,  but  their  bottom 
ends  should  be  dipping  from  the  strain  of  the  work  of 
draught,  which  is  never  reciprocating;  so  that  all  endeavors 
to  strain  shaft  ward  may  be  checked  by  the  consequent  tight- 
ening down  of  the  diagonal  screws. 

The  distance  these  bearers  should  lie  asunder,  will  be  of 
course,  governed  by  your  particular  engines,  as  suitable  to 
the  depth  of  the  mine,  or  whether  you  use  wire  or  hemp 
rope ;  but  in  no  case  should  the  barrel  be  of  less  length  than 
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five  feet  (unless  the  old-fashioned  chain  is  used,  which  winds 
more  frequently  on  shorter  and  smaller  barrels),  so  that  after 
the  room  required  tor  eccentrics,  capstan  pinion,  the  stools, 
and  the  cranks^  is  allowed  for  in  breadth,  the  cylinders  should 
be  at  least  ten  feet  asunder. 

The  hoisting  barrel  should  not  be  less  than  nine  feet  to 
diameter  for  wire  rope,  nor  less  than  five  feet  for  hemp  or 
chain;  and  the  capstan  barrel  the  same  as  that  for  hemp 
rope. 

The  whim-drum  or  barrel  should  be  tightened  or  loosened 
from  its  axis  by  a  *'drag  link"  or  a  taper  bolt,  which  may  be 
screwed  either  way,  for  both  purposes,  at  pleasure,  when 
required  to  work  the  capstan  or  itself. 

The  driving  pinion  wheel  for  the  capstan  may  be  fixed  on 
the  winding  shaft,  and  the  rest  of  this  part  may  be  subse- 
quently ordered,  when  required  for  actual  use, 

The  nearer  stool  of  the  capstan  must  be  swivelled,  or  the 
journal  can  be  made  of  globular  shape,  whilst  the  further  end 
is  fixed  so  as  to  slide  in  or  out  of  gear  with  the  pinion. 


These  Engines  hay  eb  Eeectei)  foe  Work  in  the  following 
manner. 

Fix  the  out43ide  stools  for  hoisting  axle  in  perfect  level  and 
line,  at  suitable  distance  asunder  for  the  bearings* 

Key  on  the  furthest  crank,  and  lay  the  two  engine  eccen- 
trics on  loosely;  then  key  on  the  driving  centre-piece  at  the 
further  end  uf  the  drum,  and  just  this  side  of  the  eccentrics; 
next  place  the  barrel  or  drum  on  the  shaft,  fasten  it  securely 
to  its  centre-piece  by  its  taper  screw  key,  and  next  key  on 
the  driving  pinion  of  the  capstan,  so  that  the  drum  may  have 
a  little  side  freedom;  and,  after  putting  on  the  other  two 
eccentrics  loosely,  lift  the  whole  into  working  position;  and, 
lastly,  key  on  the  nearer  crank,  just  square,  or  at  right*angtea 
with  the  other.  Two  keys  in  each  are  ver}^  much  more  reli- 
able than  one,  as  they  aftbrd  triple  resting-points  against  all 
varying  strains,  and  can  be  more  readily  performed  by  ordi- 
nary workmen;  whilst,  by  one  key,  the  axle  must  not  only 
be  closely  fitted  to  the  holes,  but  the  most  skilled  workmen 
are  required,  and  much  more  care  and  time. 

The  crank  axle  may  be  next  accurately  squared  to  the 
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sleepersj  and  the  stooU  firmly  screwed  down,  then  marked 
and  better  secured  by  letting  thera  down  about  a  half- inch 
into  the  wood. 

The  cylinders  must  now  be  fixed  at  the  proper  diwtance 
within  the  house  (that  the  piston  may  clear  equally  at  each 
end),  at  the  exact  height  of  the  cranka,  by  cutting  the  wood 
down  as  before  (with  their  slide  jaeketa  or  boxes  inside, 
towards  each  other),  in  exactly  straight  lines  with  the  throw 
of  the  cranks. 

These  being  all  correct,  the  cylinders  can  be  also  screwed 
down  securely 

Place  the  slide  valves  into  their  working  positions,  on  their 
edges  (for  they  are  thus  contrived  to  be  in  direct  line  and 
position  with  their  eccentrics,  to  avoid  the  superfluous  gear 
that  would  be  otherwise  required),  their  bottom  flat  edge  or 
iide  being  widened  to  nearly  the  breadth  of  the  box,  to  keep 
them  in  constantly  better  position  against  their  vertically 
apertured,  Bteam-tight  facets. 

Attach  the  spills  to  the  slides,  connect  them  with  the 
double-slot  link  motions,  place  the  valves  exactly  at  half- 
stroke,  and  take  the  length  of  the  eccentric  rods  by  measur- 
ing the  exact  distance  from  the  centre  of  the  main  crank- 
shaft to  the  connection  pins'  centres  at  the  other  end  of  the 
eccentric  rods,  and  if  their  lengths  are  not  correct,  make 
them  so,  and  then  proceed  to  fix  and  key  the  eccentrics  in 
exact  positions  for  working  the  valves,  so  that  the  engines 
may  work  either  way,  as  directed  by  the  one  or  the  other  of 
their  eccentrics. 

This  may  be  done  by  placing  the  nearer  engine  exactly  on 
the  crank's  outer  horizontal  position,  or  on  its  outer  centre^ 
and  turning  one  of  the  eccentrics  the  way  the  engine  is  sup- 
posed to  go,  until  the  slide  valve,  as  governed  by  this  eccen- 
tric's rod,  opens  the  aperture  just  about  three-sixteenths  of  an 
inch,  to  admit  steam  so  as  Uy  provide  for  the  piston^s  easiest 
propulsion;  this  is  about  the  most  eflfective  advance  for  the 
steam's  admission  to  such  engines,  and  is  called  the  "lead;" 
the  exhaust,  through  the  inside  of  the  valve,  should  always 
precede  this  in  proportion  to  the  speed  of  the  engine,  as  best 
known  by  the  indicator's  diagram,  or  from  the  practice  of 
good  makers*     The  lap  of  the  valve  should  be  such  that  it 
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shall  in  itself  cut  oft'  the  steam  at  five-eighths  of  the  stroke 
(so  that  the  engines  shall  be  always  in  power) ;  the  steam 
will  be  much  increased  in  its  expansive  action  by  being  wire- 
drawn, as  the  previously  filled  jacket-full  is  being  admitted 
to,  and  expanded  in,  the  cylinder. 

This  eccentric  is  now  tightened  to  the  shaft  by  a  temporary 
grip,  and  the  other  eccentric  is  turned  round  in  a  similar 
manner,  but  in  the  other  direction,  for  giving  the  engine 
motion  the  opposite  way,  until  it  has  also  three-sixteenths  of 
an  inch  "lead.** 

It  will  now  be  necessary  to  repeat  the  motions  for  the  first  eccen- 
trie,  so  as  to  correct  any  error  that  might  have  been  caused  by 
the  then  unfixed,  and  consequently  inaccurate  position^  of  the 
second  eccentric. 

This  end  being  right  for  both  ways,  turn  the  crank  to  its 
inside  centre,  and  examine  both  leads  there,  by  again  moving 
the  slot  link  until  each  eccentric  rod  stands  opposite  the 
valve  spills. 

The  "leads*'  should  both  agree  with  the  three-si xteenthB 
(as  should  also  the  sum  of  both  ends  equal  three-eighths  of 
an  inch,  in  the  examination  of  the  leads  at  subnequent  times, 
after  the  engine  has  worked  some  timej;  if  the  lea^l  is  more 
or  less  than  this,  the  nru:  eccentric,  or  valve  rod,  is  Ump  long, 
or  too  short,  and  it  must  be  shortened  or  lengthened  exa/?tly 
the  one-half  the  difference  of  the  two  end  Wads;  thus,  say 
that  the  first  end  "lead"  wa«  three-sixt/^enthH,  and  the  lai$t 
five-sixteenths,  the  rod  must  be  Hhortene^J  juht  one-«ixte^inth 
of  an  inch,  and  the  eccentrics  be  re-adjunted,  t/>  obtain  the 
three-sixteenths  lead,  as  iulvi&fsi.  Then  permanently  fasten 
each  eccentric  with  two  keys. 

Horizontal  engines,  which  revolve  but  one  way,  such  an 
for  stamping,  crushing,  sawing,  and  driving  machinery, 
should  be  set  to  travel  so  tliat  the  draught  and  thrust  on  the 
piston-rod  cap  *^hall  in  a  manner  fl'^at  the  weight*  of  the  end* 
of  the  piston  and  connecting  r^Ah  over  the  guides,  itn^Uia/l  of 
increasing  their  friction  by  additional  downwaH  »<train,  which 
the  pressure  of  steam  would  \nfAnfM  if  the  engiri<j  irnvttlh4 
the  other  way. 

By  Axotheb  OjSEThifmov  oj*  J'A*tT«--The  engine  may  Jmj 
mach  reduced  in  width,  a«  thje  i^^xaft  <^  ii^ti  f'.naikM  can  \mc  thort^ 
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ened  to  only  juat  the  length  required  for  their  cranke,  etoole, 
four  eccentrics,  and  for  two  driving  pinions ;  the  first  for  the 
capstan  as  before,  and  the  second  for  a  similarly  arranged 
axle  and  drum  for  hoisting  the  rock,  either  or  both  of  which 
may  be  slightly  bevelled,  if  necessary,  to  suit  the  direction 
to  the  shaft;  whilst  tuni  pulleys  may  be  erected  at  some  dis* 
tanee  from  the  hoisting  drum,  to  divert  the  rope  for  hoisting 
from  other  shafts,  when  necessary.  This  device  may  be 
worked  by  smaller  and  fester  engines;  but  I  prefer  the 
former,  where  larger  engines  go  round  for  round  with  the 
drum.  A  pair  of  eighteen -inch  cylinders,  of  say  six  feet 
stroke,  or  a  pair  of  quicker  traveling  fourteens,  of  four  feet 
stroke,  may  be  had,  as  either  arrangement  is  adopted. 

A  pumping  crank  can  be  attached  outside  of  the  capstan 
drum's  stool. 

As  but  one  of  these  wheels  will  be  in  gear  at  a  time,  that 
out  of  gear  will  require  to  be  secured,  and  it  is  most  readily 
done  by  screwing  down  an  iron  plate  on  the  outer  transverse 
wood  sleeper,  in  such  a  way  that  it  shall  be  common  to  both; 
so  that  either  wheel  being  withdrawn  by  the  screw  for  that 
purpose,,  it  may  be  so  arranged  that  its  teeth  will  bite  the 
stop-plate,  as  soon  as  it  begins  to  move  away  from  the  driving 
wheeL 


I 
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The  Wokking  Gear  foe  hanplinq  such  Machines — Should 
be  as  simple  as  possibley  so  thai  the  ^^ driver'"  can  perform  the 
necessary  moiiojis  loUh  ceriaintif^  precision^  and  promptness. 

For  these  desiderata,  the  following  arrangements  of  gear 
will  be  found  well  adapted. 

About  four  leet  above  the  slide  valves'  reversing  slot  links, 
and  two  feet  nearer  to  the  front  window,  erect  a  transverse 
arbor,  on  two  suitable  standards,  and  key  a  twenty-four  inch 
horizontal  lever  on  each  end,  just  over,  and  connected  by 
rods  and  pins  with,  these  reversing  slot  links;  then  key 
another  horizontal  lever,  of  about  the  same  length,  in  the 
middle  of  the  arbor,  to  reach  back  towards  the  window,  and 
place  a  movable  weight  thereon,  to  exactly  counterpoise  the 
valve  attachments;  this  lever  should  have  another  limb,  so 
angled  as  to  form  a  right-angle  with  the  line  of  rod  next 
attached  thereto,  to  lead  towards  the  window,  to  connect 
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witli  a  long  vertical  lever,  that  is  to  be  used  for  starting, 
stopping,  and  reversing  the  engines^  and  which  may  be  fixed  on 
an  axle  beside  the  governor  valve  lever,  which  is  also  required 
for  the  admission  of  more  or  less  steam  to  the  engines. 

The  eccentrics  should  be  so  set  (which  may  as  well  be  done 
after  this  gear  is  in  working  position  as  before)  that  the  hoist- 
ing drums,  which  are  both  seen  through  the  window,  shall 
tbllow  the  motion  of  the  reversing  handle. 

The  reversing  and  the  governor  handles  should  be  con- 
trived to  stand  at  any  position  in  certain  numbered  notches, 
that  both  serve  to  guide  the  driver  as  to  the  place  required, 
as  well  as  to  retain  it  in  such  position  during  the  hoisting  or 
lowering  times. 

This  guard  for  the  reversing  lever  should  be  graduated 
from  a  central  zero  both  ways,  and  should  be  arranged  for 
being  slidden  the  one  way  or  the  other,  for  the  correctioo 
^which  it  may  need. 

That  for  the  governor  must  be  marked  but  the  one  way. 

ABrakb  Wheel  may  be  Fixed  wtthik  Bbach — Although 
It  will  not  be  so  much  a  necessity  for  these  more  manageable, 
bistantaneous  acting,  double-powered  engines  as  fur  the  sin* 
gle  (four-valved)  engine,  that  has  two  handles,  and  which 
cannot  be  reined,  after  eertain  speed  has  been  attained,  from 
Lrunning  away,  during  the  too  rapid  lowering  of  weights. 
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|and  Relative  Posmoifs  of  the  Wagoits  with  the  Bc/rfacv 
AKD  THE  Bottom  of  the  Shaft — Ib  an  almoiit  indiirpensable 
auxiliary  for  most  speedy  draught;  for,  being  continually 
before  the  eyes  of  the  driver,  he  can  hurry  the  wagon  almost 

bto  the  surface,  and  anticipate  the  sound  of  the  lander's  bell 
to  the  very  moment;  thereby  ssviog  very  much  time,  wHh 
even  greater  safety  than  otherwii^, 

I  Some  of  the  best  modem  mining  engineen  of  Cornwall 
have  now  introduced  shaft  railway  wj^on«,  instead  of  kibblea, 

I  which  are  hoisted  by  either  twist^Kl  iron  wire,  or  hempropei 
woven  flat  or  twisted  roand,  in  place  of  the  mticb  more  w^ 
lind  uncertain  troo  chatii,  wbieb  ii  used  t^nly  for  a  f^w  Mk 
near  the  wagon,  where  Uie  r«jpe  would  be  too  ap^edlly  worn 
away. 
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When  imx  rope  obtains  fair  usage^  it  is  much  cheaper  Oian 
oihersy  takes  muck  less  space  on  the  drum^  and  works  even  better: 
but  it  requires  peculiar  treatment  and  smtahle  mechanisms. 

The  hoisting  cage,  as  previously  stated,  should  not  be  leas 
than  nine  feet,  and  the  shatl  pulleys  must  be  from  t<?n  to 
twelve  feet  in  diameter;  the  connecting  sockets  of  the  rope 
should  be  supple  and  light,  yet  strong;  the  pulleys  smooth 
and  plentiful,  and  the  rope  must  be  kept  slippery  and  free 
from  rust,  by  a  mixture  of  tallow,  plumbago,  and  coal  tar; 
which  is  laid  in  long  troughs  under  where  the  rope  sagB 
between  the  pulleys. 
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Shaft  Railways — May  be  made  in  four  or  five  different 


ways. 


1,  For  vertical  shafts^  two  single  continuous  (square)  wooden 


f 


rails  may  be  at- 
bearers,  one  on 
shaft,  to  merely 
which  has  two 
iron  simply  riv- 
side  of  the  wag- 
and  bottom,  so 
grip  the  rail,  as 
and  thumT>; 
ofthecarguides 
verse  ly, 

of  rails  are  ex- 
bottom  to  the 
and  one  thin 
riveted  on  to  the 
intervening  the 
guides  the  car. 
shaft  is  inclined 
wheels  may  be 
and  four  under 
rails ;  or,  second- 
may  be  used  on 
half  this  num- 
work    centrally 


Cut  37* 


tached  to  cross 
each  side  of  the 
guide  the  car, 
pieces  of  flat 
cted  on  to  each 
on,  near  its  top 
as  to  loosely 
if  within  finger 
whilst  the  body 
itself    trans* 

2.  Two  pairs 
tended  from  the 
top  of  the  shaft, 
metal  plate  is 
wagon,  which, 
double     rail, 

3.  Where  the 
both  ways^  eight 
used,  tour  over 
the  one  pair  of 
ly,  double  rails 
each  side,  wbiUt 
her  of  wheels 
between  rails. 


4.   W}wre  the  shaft  is  both  vertical  and  inclined^  the  better 
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plan  19  to  have  the  four  wheels  over  a  pair  of  single  rails,  and 
flat  guides  under,  which  are  of  little  good  on  the  incline,  but 
serve  to  sfai/  the  (fvisf^  during  vertical  travel,     (See  Out  37.) 

5.  Where  (he  sha/l  is  far  from  perpmdicular^  and  entirely 
inclined^  four  larger  wheels  may  be  used  over  the  rail,  over 
the  upper  half  of  the  car,  which  will  be  sufficiently  safe  in 
action,  provided  the  body  of  the  wagon  nearly  fills  between 
the  rails,  which  wnil  then  serve  for  eftectual  side  guides. 

In  all  cases^  the  wlu^els  shouhi  not  be  kss  ihath  eight  inches  in 
diameter,  buty  in  the  last  instance,  from  twelve  to  sixteen  ijiches^ 


and  four  or 
wide;  they 
cnxdflangrless 
hollowed  0}tt 
conHistentwith 
wrought '  iron 
from  one  and 
one  and  a  half 
ter,  riveted 
holes  in  the 
wagon*s  sidc^ 
by  a  broad  out- 
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five  inches 
}7u(st  he  plain 
disks,  and  be 
as  much  as  is 
Hrength  ;  their 
axles  may  be 
a  quarter  to 
inch  in  diamje- 
thro  square 
malleable  iron 
as  supported 
side  rolUir.  the 


wheels  being  kept  in  position  hy  a  washer  on  its  square  end,  which  is 
mufdy  secured  fry  a  split  key,  as  shown  in  the  accompanying  itlustra- 
mhn  from  an  end  view  oj  the  one  side  of  the  shaft,  car, axle,  icheet, 
moasher,  .-pUt  pin,  raU  and  cross  sleeper,  flat  iron  gtddc,  etc.  The 
bow  should  he  shaped  and  swivelled  to  turn  on  one  side  when  the 

tar  is  being  filled. 
Of  course,  wjicrc  double  cart?  are  used,  the  middle  cross 
leeper  must  carry  the  double  set  of  rails. 

When  the  side  room  is  fully  economi:^ed,  a  iive  feet  wide 
shaft  will  convey  a  pair  of  curs  which  will  be,  when  also 
made  long  and  deep,  sutticieutly  capat-ious  for  most  of  the 
purposes  required  for  metal  lie  mineral  mining;  but  coal 
mines  will  require  much  larger  cars,  or  a  cage  whereon  one 
or  more  ears  from  tbe  levels  can  he  run  on  to  its  rails,  and 
again  run  oiF  when  hoisted  to  the  surface  for  dumping,  where 
kit  is  most  desirable  to  do  so. 

I     For  the  more  general  and  cver-varying  requirements  of 
extensive   mining  from  many  levels,   the  cars  with  hinged 
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bottoms,  m  illustrated,  will  be  fouod  most  serviceable,  whf 
receive  rock  hy  being  lowered  on  to  a  movable  stop  to  the 
particiiiar  level  that  requires  to  be  cleared,  where  the  shaft 
should  be  contra<?ted  to  a  funnel  mouth,  Just  to  suit  the  can 
for  convetiience  and  greater  speed  in  filling,  and  to  prevent 
tlie  rock  from  falling  into  the  shaft. 

This  wagon  may  be  either  tilled  by  a  somewhat  smaller  car 
being  brought  from  the  level  and  tipped  therein,  or  the  rock 
may  be  dumped  into  a  *'tip  plat,**  tor  being  shovelled  into 
the  shaft  car,  when  required,  by  one  or  two  boys  or  men,  who 
mufit  go  from  level  to  level  for  the  especial  purpose*  TIua  ib 
the  more  famred  method  for  the  general  purposes  of  the  miner. 

When  the  car  reaches  the  surfiice,  it  lifts  a  tranversely  f 
hinged  and  diagonally  hung  sheet-iron  door,  which,  by  falling 
as  soon  as  the  car  is  at  proper  height,  serves  to  guide  the 
rock  into  the  surface  wagon,  when  the  securing  pin  is  disen- 
gaged from  the  hinged  door  or  bottom  of  the  vertical  wagon. 

The  *Hip  plats''  are  excavated  in  diiferent  places,  to  suit 
circumstanees,  hardness  of  ground,  position  of  pump  work, 
cistern,  etc. ;  but,  as  a  rule,  they  are  better  to  be  cut  out  from 
the  foot  ground,  so  as,  by  curving  the  rails  slightly,  the  rock 
may  be  dumped  from  both  ways  into  the  same  plat, 
opposite  the  one  or  both  "skips." 

To  regulate  and  facilitate  the  general  operations  of  wind- 
ing, a  "knocker''  is  hung  at  the  mouth  or  surface  end  of  the 
shaftj  which  is  merely  a  horizontal  iron  lever,  that  carries 
at  the  one  end  a  hammer  that  strikes  upwards  under  a  piece 
of  sheet  iron  a  certain  number  of  times,  as  worked  by  a  ver- 
tical wire,  which  descends  through  the  whole  depth  of  the 
shatt,  within  convenient  reach  of  these  working  plats,  etc*;! 
so  that  certain  orders  may  be  given  from  those  below  to  the 
surface  men,  as  before  alluded  to  in  the  explanation  of  the 
pumping  engine;  for  instance,  three  knocks  means  hoist,  two 
knocks  lower,  and  one  stop,  or  any  other,  as  may  be  arranged 
for  especial  communication. 

The  fillers  may  also,  and  frequently  do,  inform  the  landeri^ 
when  the  plat  is  emptied  of  roclc,  by  securing  a  piece  of  wood 
to  the  draught  chain,  etc.,  which  may  also  inform  him  by 
a  fiuitable  number  of  notches,  or  pre-arranged  signs,  as  to  th 
next  level  from  which  the  rock  is  to  be  drawn. 
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Bells  are  used  in  the  houses  of  the  hoisting  machines,  to 
which  horizontal  wires  extend  from  the  shafts,  to  inform  the 
drivers  what  must  bo  done.  The  best  kind  of  bell  for  this 
purpose  is  known  in  England  as  the  "Yorkshire;"  it  is  so 
constructed  that  by  the  aid  of  a  spring  and  catch,  it  strikes 
but  one  for  each  pnll  of  the  wire;  it  therefore  articulates 
more  distinctly  than  the  common  bell,  and  cannot  be  misun- 
derstood. 

Man  Elevators  (Man  ENomEs). — In  the  working  of  deep 
mines,  tlie  labor  performed  in  the  descent  and  ascent  by  the 
old  style  ladder-climbing  was  not  only  disagreeable  and  dan- 
gerousj  but  by  far  the  moat  tiresome  to  the  muscles,  and 
deleterious  to  the  constitution;  so  that  this  serious  deduction 
from  actual  physical  energy  and  Rtrength  of  the  men  not  only 
disabled  them  from  doing  the  really  substantial  duties  that 
are  imperatively  necessary  for  profitable  raining,  but  occa- 
sioned great  waste  of  time  in  it^  very  pertbrmance. 

The  men,  rather  than  climb  this  distance,  will  frequently 
risk  their  lives  by  riding  up  in  the  rail-wagon,  althongh  it  is 
most  peremptorily  prohibited  by  the  agents,  and  elub  rightB 
are  forfeited  to  those  who  do  it. 

The  man  elevator  is  contrived  to  ameliorate  these  condi- 
tions; but,  although  exceedingly  safe,  eftective,  easily  con* 
Btructed,  and  moderate  in  cost — in  tact,  financially  beneficial 
— it  has  been  but  too  rarely  applied. 

.The  manner  for  its  construction  and  application  maybe 
described  in  a  few  words,  as  follows. 

A  rotary  and  expansive  engine,  of  suitable  power — say 
from  twenty -five  to  thiity  inches  diameter  of  cylinder,  and 
some  six  or  eight  feet  stroke — is  anplied  somewhat  after 
the  manner  for  pumping,  when  slow  motion  and  consequent 
power  are  increased  by  teeth-wheels.  The  large  wheel  being 
provided  with  a  crank,  the  wood  rod,  of  say  eight  inches  at 
the  surfiice  and  gradually  less  below,  is  attached  thereto, 
properly  balanced  by  a  balance-box,  and  stayed  in  such  a  way 
that  platforms  may  be  attached  at  every  ten  or  twelve  feet 
asunder,  from  the  top  to  near  the  bottom  of  the  shaft;  whilst 
corresponding  fixed  stages  are  secured  to  the  side  or  end  of 
the  shaft.     Now  the  stroke  of  the  crank,  of  course. 


with  these  distaiii-es,  and  therefore,  if  a  man  steps  from 
fixed  8tage  to  the  movable  platform  on  the  rod,  he  will  be 
carried  up  or  down,  aecordiiigly ;  wliilst  a  sufficient  number 
of  repetitions  will  carry  him  to  t!ie  surface,  or  to  the  bottom 
of  the  mine.  The  motion  of  the  rod  ig  regular,  and  he 
merely  steps  in  a  sideling  manner,  as  he  stays  himself  on  or 
off,  by  suitably  placed  hand  rails  for  that  purpose. 

Two  rods  may  he  applied,  when  there  is  plenty  of  room, 
where,  the  one  piattbrni  being  up  when  the  other  is  down, 
no  fixed  stage  is  required^  and  the  speed  is  doubled,  as  you 
arc  traveling  dowrnvarda  or  upwards  continuously,  without 
interfering  w^ith  each  other.  This  is  the  better  of  the  two; 
but  the  single  rod  is  cheaper,  and  ean  be  the  more  i*eadlly 
applied  under  usual  eircunL«tances. 

The  first  man  engine  erected  in  Cornwall  was  in  the  year 
1843,  at  Tresavean  Mine,  then  1680  fcet  deep,  where  some 
tour  hundred  miners  were  transported  most  joyously  to  the 
surface  daily,  at  a  coat  of  but  one-fourth  that  of  climbing 
ladders,  with  immeasurablG  comparative  ease  and  comfort. 

As  compared  to  the  system  of  elevating  men  by  rope,  this 
machine  does  it  for  just  one-fifth  the  cost.  The  first  cost 
ranges  from  about  $5,000  to  ^10,000,  which  would  be  saved 
during  the  fii-st  year's  use  in  deep  mines,  where  many  men 
are  employed;  but  this  is  but  trifling,  as  compared  to  the 
extra  case  of,  and  consequent  work  performed  by,  the  miner 
underground. 

1(3  mivaniaffcs  may  be,  however,  best  measured  by  a  glance  at 
(he  miners  as  ihey  arrke  at  the  surface^  after  the  actual  climbing 
of  ladders^  and  wh^n  brouyhi  by  machine. 

Tram  Roads,  or  Hoese  Raiuvays — Should  be  always 
used,  instead  of  common  roads,  when  the  surface  of  the 
gi'ound  permits,  as  one  horse  can  do  just  as  much  as  two,  in 
the  conveyance  of  ores  to  the  reduction  works  or  floors, 
which  are  oftentimes  at  a  distance  from  the  shaft  or  tanuera 
mouth,  on  account  of  the  greater  facilities  attbrded  from 
better  site,  water-power,  etc. ;  and  sometimes  even  steam  ie 
used  to  a  great  advantage,  for  still  cheaper  conveyance  to  the 
otherwise  costless  power. 

In  such  roads,  a  rail  should  be  selected  that  permits  of 
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>eing  readily  fixed  in  small  cast-iron  stools,  and  of  such  shape 
hat  the  rail  may  be  turned  over  when  worn  out  of  shape  on 
he  first  side,  so  as  to  obtain  double  wear. 

The  line  should  approach  the  shaft  or  level  in  a  transverse 
Banner,  so  that  car  after  car  may  be  filled  by  being  moved 
m  under  the  tip  from  the  mine  car,  to  prevent  the  cost  for 
ihoveling  as  much  as  possible ;  and,  on  arriving  at  the  mill, 
he  same  facility  may  be  adopted  for  discharging  the  several 
sars.  By  this  arrangement,  one  man  or  boy  may  drive  sev- 
eral horses,  to  make  one,  instead  of  several,  journeys. 

In  large  mines,  double  lines  of  rails  may  be  used,  for 
greater  comfort  and  expedition,  as  ample  time  is  allowed  for 
he  filling  and  emptying  of  the  wagons,  and  delays  from 
he  turn-points  are  entirely  prevented  by  this  additional 
mtlay. 

A  cheap  locomotive  engine  may  supersede  horses,  when 
till  further  distant,  or  where  horse-feed  is  dear  and  fuel  is 
heap;  and  sometimes  a  canal  may  be  used  to  great  advan- 
age,  where  the  ground  and  water  will  permit. 

Small  wagons  may  be  contrived,  either  for  tipping  their 
ontents  over  the  end  or  side,  or  both  ways,  by  a  suitabJe 
arizoyiial  swivel  under  the  middle^  so  that  their  vertical  acting 
inge  may  face  either  the  ends  or  sides.  The  larger  wagons 
re  generally  emptied  with  shovels,  or  by  having  their  bcd- 
ilanks  drawn  out  from  under  the  rock,  which  falls  into  the 
lide  that  leads  to  the  dressing  floors,  crusher,  or  battery. 

Where  mills  are  at  moderate  distance  and  on  lower  ground, 
^bich  they  often  are,  a  double-track  road  may  be  laid  down, 
rhieh,  being  headed  by  a  suitable  reel,  or  barrel  and  brake, 
he  full  wagon  may,  by  its  descent  to  the  mill,  hoist  the 
mpty  wagon  from  the  mill  to  the  mine.  It  may  be  so 
rranged,  too,  that  as  it  strikes  a  lever  at  the  bottom  of  the 
;rade,  it  shall  dump  its  rock  into  the  mill,  etc.,  without 
ssistance. 

At  other  times,  it  will  be  found  more  convenient  to  have 
he  cars  drawn  on  a  single — or,  better,  double — track,  of  sus- 
pended chains,  or  rails,  so  that  two  following  wheels  shall 
ravel  thereon,  above  the  cars,  which  are  attached  by  straps; 
,11  being  drawn  or  floated  along  above  the  ground,  in  mid- 
air, tinder  the  tracks. 
26 
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CHAPTER    V, 


DEEP   MINING,    AS   FACILITATED   BY   SUCH    MACHINERY. 

la  Chapter  V  of  Section  II,  and  in  Chapter  II  of  Section 
IV,  the  prospector  and  the  miner  had  partially  exposed  and 
more  fully  examined  the  vein  for  itd  value;  which  we  will 
suppose  ia  quite  worthy  of  being  developed  for  realization 
of  lUi  riclies  in  the  full  mimmf  sense  of  the  word,  to  its  deep- 
est Bections;  and  will  conceive  and  confront  in  oor  minds 
the  different  successions  of  excavations,  mechanical  appli- 
ances, etc.,  that  will  have  to  be  performed  in  the  general 
working  of  mines,  and  apply  the  necessary  means  to  accom- 
plish the  many  requirements  tliat  may  arise,  during  such 
probable  eontingencies. 

To  illustrate  this,  we  may  as  well  take  the  mine  as  left  by ' 
the  Examiner,  at  the  end  of  Chapter  11  of  this  Section,  which  j 
is  supposed  to  be  worthy  of  being  wrought,  and  is  sufficiently  j 
well  suited  for  our  purpose  of  exemplification. 

The  first,  most  iniportaut  duty  of  the  Mining  Engineer, 
previous  to  deeper  development,  is  to  fully  satisfy  himself 
that  the  shaft  is  in  the  best  possible  position  for  the  centre 
of  the  dip  of  ore,  (as  illustrated  by  Cuts  4,  5,  6,  and  7,  and  ■ 
explained  at  pages  88,  89,  90,  91,  92,  93,  and  94.)  | 

This  shaft  was  sunk  to  take  the  lode  at  a  few  feet  below 
the  adit  J  for,  in  the  firrft  place,  it  was  recpiired  for  ventila-j 
tion;  and,  secondly,  for  hoisting  the  rock  thus  high  for  tij 
ting  into  a  car  that  was  to  convey  it  through  this  level  to  th€ 
reduction  works,  so  as  to  save  unnecessary  hoist,  etc*     The 
exact  depth  where  the  engine  shaft  should  strike  the  veil 
depends  on  eircumstances;  hut,  in  this  case,  it  could,  for  th€ 
reasons  given,  be  no  better  placed. 

If  no  adit  or  drainage  level  had  been  driven,  it  might  tak^^ 
the  vein  deeper,  as  say  at  the  top  of  the  deposit  of  profitable 
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mineral  ground;  but,  wherever  it  is  preferred,  it  is  fre- 
quently modified  by  preliminary  mechanical  difficulties,  such 
as  placing  the  "fend  off''  (or  bell-crank  lever),  to  turn  the 
action  of  the  main  rod  from  the  vertical  to  the  diagonal  or  dip 
of  vein,  which  should  be  in  a  position  to  be  fixed  before  the 
water  l)ecomes  too  much  for  barrels,  or  much  extra  trouble 
and  expense  will  be  occasioned  thereby. 

It  is  therefore  but  seldom  that  the  position  selected  for  our 
example  will  be  very  much  in  error,  in  these  earlier  virgin 
developments,  before  the  more  exact  positions,  dips,  and 
extents  of  the  mineral  deposits  can  be  more  correctly  ascer- 
tained ;  if  more  than  one  shaft  should  be  required,  such  verti- 
cal or  diagonal  shafts  may  be  sunk  in  the  very  best  positions 
for  raining  the  vein  with  the  greatest  possible  economy. 

The  mine  having  exposed  ample  evidence  that  it  contains 
more  water  than  can  be  drawn  by  ordinary  means,  and  suffi- 
cient mineral  to  warrant  the  necessary  outlay  for  both  pump- 
ing and  hoisting  machinery,  you  may  proceed  as  follows. 

Cut  out  from  the  foot  rock  a  suitable  recess  or  bed  for  the 
cistern  which  may  receive  the  water  from  tlie  present  barrels, 
and  act  as  a  reservoir  for  its  more  regular  discharge  into  the 
adit  level,  to  run  from  the  mine ;  it  will  be  necessary,  too,  for 
receiving  the  future  water  from  the  pumps,  and  (unless  sur- 
fece  water  can  be  readily  obtained  for  feed  and  condensing 
purposes)  for  the  reception  of  an  upper  set  of  pumps 
(called  the  ^^ house  lift''),  for  supplying  feed  and  condensing 
water  to  the  engines,  and  a  suitable  excess  for  the  other  pur- 
poses, as  washing  and  treating  ores,  etc.* 

Next,  the  necessary  ground  should  be  cut  out  from  the 
hanging  wall  side,  for  the  double -limbed  '*fend  off  beam," 
or  bell-crauk  lever,  that  must  be  made  when  pumping  power 
is  required;  and  it  can  be  more  readily  done  now  than  after 
the  shaft  has  been  sunk  deeper,  when  it  has  been  fitted  with 
the  appurtenances  for  hoisting,  pumping,  etc. 

The  length  of  this  lever  should  be  at  least  one  and  a  half 
times  the  length  of  the  stroke  of  the  main  pumping  rod. 

*As  an  approximate  rule,  the  size  of  the  ''house  lift/'  or  pump  for  the 
feeding  and  condensing  water,  etc.,  of  a  Cornish  pumping  engine,  may  be  found 
by  dividing  the  cylinder's  diameter  by  10 :  that  is,  an  80  inch  cylinder  engine 
will  require  an  8  inch  pump ;  but  this  pump  is  generally  made  larger  for  other 
purposes,  as  dressing  the  ores,  etc.,  etc. 
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The  works  of  cutting  ground  for  cistern  and  ^'fend 
being  accomplished,  fix  the  cistern  m  position  for  conven- 
ience in  discharging  the  water  from  the  barrels,  as  drawn  bjr 
the  hoi*se-whim ;  and  set  the  shiift,  at  a  fair  price,  to  six  men 
and  three  boys,  to  be  sunk  for  at  least  one  month,  or  as  maeb 
longer  time  as  they  are  wilhng  to  accept  and  are  able  to  per- 
form the  contract,  which  may  be  worded  as  follows. 

**The  engine  shaft  to  be  sunk  on  the  coarse  of  the  lode, 
by  six  men  and  three  boys,  for  one  month  (or  for  ten  fathoms, 
or  sixty  feet,  or  other  distance),  or  until  the  water  shall  exceed 
say  ten  harrels  per  hour,  to  he  carried  at  least  fourteen  feet  i 
long  by  five  feet  wide  within  timberf*,  wliieh  must  be  fixed 
therein  by  the  contractors,  if  necessary  to  do  so  to  support 
the  ground  in  a  mining-like,  substantial  manner.  The  takers 
must  provide  all  necessary  materials,  and  fill  their  kibbles; 
and  the  Company  hoist  tiie  water  and  the  rock,  by  horse- 
whim,  from  them  to  the  surface,  as  required/' 

Being  fully  satisfied  by  the  increase  of  water,  and  mineral 
indications,  or  mineral,  that  more  power  will  soon  be  required 
for  its  removal  and  realization,  you  may  place  a  few  surface 
men  to  clear  out  the  foundation  for  the  lioistiug  and  pumping 


engines,  after  the  manner  illustrated  by  Cut  36,     The  hoist-  ■ 


ing  engine  should,  however,  be  a  little  farther  removed  from 
the  sliaft,  80  that  the  ropes  may  traverse  more  freely,  and  he 
less  liable  to  ride  nntowardly  on  the  drums. 

The  drawings  of  the  engines,  fiinndntion,  etc.,  unless  given 
by  youi-self,  will  be  Rent  from  the  foundry,  and  this  house  may 
be  built  and  the  engine  erected  as  explained  at  page  390. 

The  foundntio7i  for  the  pumping  engine*s  house  may  be  also 
marked  out,  so  tliat  the  house  in  ay  he  built,  tlie  engine 
erected,  and  the  h<»ilers  placed  to  supply  them  with  steara. 

This  is  a  time  for  the  application  of  cousiderablo  judgment 
as  to  how  much  water  and  what  size  jmmps  will  be  required; 
which  is  governed  by  the  size  and  extent  of  the  fissure,  its 
spurs,  intersections,  etc. ;  by  its  general,  comparative,  basin- 
like  position,  and  the  cleavage  of  the  paitieulur  country  rock 
in  which  it  lies  embedded. 

The  granites  contain  less  water  than  the  limestones  and 
slates,  being  mucli  more  compact  and  water-tight,  from 
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solid  texture  and  greater  freedom  from  layers  of  stratifi- 
cation, joints,  etc.  It  is  well  to  estimate  by  comparison  with 
your  neighboring  mines,  when  you  can  do  so ;  and  it  is  cus- 
tomary to  so  arrange  the  size  of  pumps  that  the  Cornish 
pumping  engine  may  work  at  this  stage  but  about  from  one 
to  two  strokes  per  minute;  the  engine,  too,  should  have  suflS- 
cient  excess  of  power,  looking  to  the  deep  future,  to  realize 
the  greatest  economy  from  the  superlatively  beneficial  point 
of  cut  off  for  the  expansion  of  steam. 

Calculate  as  closely  as  you  can,  from  the  quantity  of  water 
being  drawm,  and  these  otlier  collateral  reasons,  what  sized 
pump,  of  say  nine  feet  stroke,  will  be  required  for  ridding 
the  mine  of  its  w^ater,  at  the  initial  speed  given;  and  the  size 
of  the  cylinder  for  the  Cornish,  direct  acting,  wheeUess  engine, 
may  be  known  in  the  following  ready  manner. 

Take  an  engine  (as  the  best  for  efliciency)  of  ten  feet  stroke 
at  the  cylinder,  and  nine  feet  at  the  shafl-end  of  the  main 
lever,  and  say  a  ten  inch  pump  is  required  of  such  nine  feet 
stroke,  to  work  at  the  rate  of  from  one  to  two  strokes  per 
minute.  To  ascertain  the  proper  diameter  of  cylinder  to 
pump  water  from  2400  feet  deep,  with  such  a  ten  inch  pump, 
you  may  figure  from  the  basis  that  a  ten  inch  cylinder  engine 
will  be  the  proper  economical  size  to  work  a  ten  inch  pump 
sixty  feet  deep,  under  the  boiler  pressure  of  fifty  pounds  per 
inch  (or  any  other  size  of  engine  against  an  equal  pump). 

The  comparative  direct  elevating  power  of  engines,  under 
similar  pressure,  is  governed  by  the  square  of  the  diameter 
of  the  cylinder;  so  that  as  sixty  feet  is  to  the  square  of  ten 
inches  (or  any  other)  diameter  of  cylinder,  10x10  =  100 
superficial  inches^  so  is  2400  feet  (or  any  other  required  depth) 
to  the  number  of  superficial  inches  of  the  required  piston, 
the  square  root  of  which  will  give  the  diameter  of  cylinder 
required,  which  is  figured  thus:  ^^5^^  =  4000  superficial 
inches  of  piston,  the  square  root  of  which  gives  nearly  sixty- 
four  inches  for  the  diameter  of  the  required  cylinder. 

These  pumping  engines  have  been  made  of  certain  sizes 
only,  which  range  from  a  36  to  40,  50,  60,  64,  70,  80,  90,  and 
100  inches  for  Cornish  uses,  and  of  144  inches  of  cylindtM's  as 
made  for  the  peculiar  purpose  of  draining  the  Harlaam  Lake, 
as  explained  by  foot-note  at  page  379;  so  that  should  they 
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ever  be  ordered  fi-oni  them,  these  size??  must  he  ohscrrei 
or  the  engine,  hy  requiring  especial  patterns,  will  cost  much 
more. 

We  will  therefore  suppose  that  the  size  of  our  pump  is  ten 
inches,  tlie  cylinder  of  the  engine  is  sixty- four  inches  diame- 
ter, the  maximum  travel  of  the  piston  in  ten  feet,  and  that 
the  pump  has  a  nine  feet  stroke.  We  have  therefore  ^ufti- 
cient  power  to  elevate  ten  strokes  of  water  per  minute  by  this 
engine,  from  the  depth  of  2400  feet;  whilst,  in  the  mean- 
time, the  engine  is  economizing  fuel  under  lighter  load* 

Now,  fur  reasons  given,  tlie  length  of  the  inner  end  of  the 
main  lever  of  such  an  engine  will  be  sixteen  feet  eight  inches, 
whilst  the  outer  or  pumping  end  will  he  fifteen  feet 

The  centre  of  the  cylinder  does  not  lie  under  the  centre  of 
the  inner  pin  of  the  *'bcb"  or  main  lever,  when  the  hitter  i* 
at  half-i^troke,  but  exactly  half  of  lU  vibration,  or  in  middle 
position  between  the  half  and  the  whole  stroke,  so  as  to 
average  its  total  travel;  and  such  is  also  the  case  with  the 
centre  of  the  main  pumping  rod,  as  regards  its  pin*s  centre; 
80  that  these  half-vibrations  must  be  known  before  the  house 
and  cylinder  loading  can  he  marked  out  in  a  correct  manner. 

It  may  he  done  by  figures  or  construction, 

1.  Bt/  figures,  ^—Square  the  whole  length  of  the  inner  end 
of  the  beam ;  then,  after  squaring  the  half  of  the  length  of 
the  inside  stroke,  subtract  tlie  latter  from  the  former,  extract 
the  square  root  of  this  result,  and  subtract  this  root  from  tlie 
wliole  length  of  the  inner  end,  which  remainder,  being  then 
divided  by  2,  will  give  the  half-vibration  required;  and  the 
whole  length,  less  this  amount,  will  be  the  distance  from  the 
centre  of  the  cylinder  to  the  centre  of  the  main  lever  wiilh 

ThuR,  the  inner  length  of  beam  of  16  ft*  8  in,  =     200  inchea. 
Its  half-stroke  of  5  feet .„......=       60      " 

Now^  the  square  of  200  inches ^40000       '* 

The  square  of  60  inches =   3600       ^^ 

The  dificrence  of  these  squares =36400       ** 

And  the  square  root  of  this  difference =  190.78       ** 

Now  the  sum  of  200  and  190 J8 ,.,=3&0.78      '^ 

And  this  sum,  divided  by  2 ..,  =  195.39      '< 
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Which  is  the  correct  distance  from  the  centre  of  the  main 
lever  wall  to  the  centre  of  the  cylinder,  being  16  feet  3f  and 
1  inches. 

The  distance  from  the  centre  of  the  main  lever  wall  to  the  centre 
of  the  main  rod.  may  be  founds  in  the  same  way^  to  be  nearly  14 
feet  7 J  inches.    And  so  for  air-pump  and  feed-pole  rods. 

2.  The  Vibration  may  be  Found  by  Construction — By 
taking  a  plank  of  somewhat  greater  length  than  the  beam's 
centres,  and  drilling  holes  at  the  exact  length ;  the  one  hole 
must  have  a  round  bar  snugly  fitted  therein,  to  act  as  the  cen- 
traipiny  when  the  beam  is  moved  over  the  horizontal  ground  in 
imitation  of  the  real  stroke  of  the  engine ;  whilst  the  other 
end  is  drilled  to  suit  a  pencil  or  metallic  scratcher,  which 
describes  from  the  beam's  radius  an  arc  of  the  proper  sweep 
for  rather  more  than  the  length  of  the  stroke,  on  a  suitable 
transverse  board. 

Insert  a  pin  at  one  end  of  this  arc,  and  another  pin  near 
the  other  end,  just  exactly  at  the  extreme  length  of  the 
stroke,  and  straighten  a  thread  from  the  first  to  the  second 
pin.  The  greatest  right-angled  distance  from  this  line  to  the 
arc  will  be  equal  to  the  whole  vibration,  and  this,  being 
measured  by  rule  or  compass,  may  be  transferred  to  the 
plank  representative  of  the  main  lever,  to  reduce  its  length 
thus  much;  whilst,  at  the  half  of  this  vibration,  a  hole  may 
be  drilled  through,  to  serve  for  future  measurement  when 
marking  out  or  correcting  the  foundation,  and  during  the 
building  of  the  main  lever  wall,  cylinder  loading,  etc.,  in 
suitable  position  at  the  proper  distance  from  the  main  pump- 
ing rod. 

Construction  is  the  most  efficient  and  certain  method^  as  it  is  so 
easily  ascertained  and  used,  that  errors  cannot  occur;  it  also 
measures  the  lesser  strokes,  and  it  is  available  for  all  men. 

We  may  now  consider  the  size  and  position  of  the  main 
pumping  rod,  as  it  hangs  under  the  half- vibration  of  the 
outer  end  of  the  main  lever. 

The  Size  of  the  Main  Pumping  Rod — Is  governed  by  the 
size  and  power  of  the  engine,  and  the  practice  of  Cornwall 
has  been  to  make  them  from  squared  sticks  of  Baltic  pine, 
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of  one-tifth  the  diameter  of  the  cjiindor,  or  twice  the  diaohj 
eter  of  the  piston  rod,  which  latter  is  one-tenth  the  diameter  I 
of  the  oyliiider.     They  are  also  made  of  American  pine. 

These  should  range  from  sixty  to  seventy  feet  in  length,  or 
longer  if  they  can  be  ohtained,  so  as  to  save  as  many  connec- 
tion plates  of  iron  ae  posi^ihle. 

Mucli  better  rods  than  these  can  be  procured  from  New 
Zeahnnd  (the  ** Cowrie  pine") ;  and  splendid  octagonal  twenty  i 
inch  rods  were  obtained  for  a  one  IjuiiJred  inch  cylinderj 
engine  tijat  was  erected  at  the  Great  Wheal  Vor  Mine,  Com- 1 
wall.  They  were  upwards*  of  one  hundred  feet  in  length,  of  i 
equal  texture,  free  from  kuoti^,  of  very  straight  grain  and 
growth,  and  altogether  of  superlatively  surpassing  quality. 

The  Position  op  tbk  Main  Pumping  Rod — la  a  matter  of 

much  importance;  and  perhajjs,  hioking  at  all  things,  it  is 
best  placed  in  the  corner  of  the  shaft  that  is  furthest  from  the 
hoisting  end,  and  nearcBt  to  the  engine  hou^e;  in  our  case, 
the  size  of  the  rod,  by  the  rule  stated,  should  be  about  twelve 
and  seven-eightlis  inches,  and  its  nearest  side  to  the  engine 
should  he  far  enough  from  the  shaft's  side  timbers  to  permit 
of  the  iron  holts  being  placed  into,  or  removed  firom,  the 
wood  rods  and  the  iron  '* strapping"  or  connecting  plates, 
without  bending  tiie  bolt,  which  is  sufficiently  long  to  go 
through  the  wood,  double  irons,  and  its  securing  nut;  so  that 
•in  this  case,  the  nearer  side  of  the  wood  rod  8hould  be  at 
least  seventeen  inches  from  the  engine*s  side,  and  just  as« 
much  from  the  end  of  the  shaft,  for  similar  reasons;  but  if  tlie^ 
balance  beam  and  fx>x  are  placed  at  the  end  of  the  shaft,  a^  shotcn 
by  Cut  26,  sufficient  room  nmst  intervene  for  the  proper 
clearance  of  the  balance  beam's  connection  rod,  which  is  &ta- 
pled  to  the  side  of  the  main  rod>  at  some  sixty  feet  below*     ■ 

The  easier  and  safer  way  is  to  lay  down  a  platform  over 
this  part  of  the  shaft,  so  that  it  may  be  used  as  a  kind  of 
*' drawing  board,'*  for  the  full-sized  representation  of  the 
necessary  lines. 

Having  ascertained  in  this  manner  the  correct  position  of 
the  main  rod,  take  a  nail,  and,  after  first  passing  it  through 
the  hole  of  the  plank  at  the  half-vibration  of  the  outer  end 
of  the  beam,  pass  this  plank,  which  I'cpresents  the  main 
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beam,  in  over  the  site  for  the  engine  house,  and,  when  prop- 
erly supported  on  stools,  square  it  exactly  with  the  shaft 
walls,  and  drop  lines  from  the  holes  at  the  centre,  and  at  the 
half- vibration  at  the  inner  end  of  the  beam,  and  the  points 
of  the  plumb-bobs  will  be  just  in  the  centres  of  the  main  lever 
wall  and  the  cylinder. 

The  length  and  breadth  of  the  house  is  somewhat  varied, 
to  the  taste  of  the  manager,  cost  of  stone,  etc.;  but  in  no 
case  should  it  be  less  than  the  following,  which  may  be 
marked  out  from  the  size  of  the  castings  of  the  engine,  etc. 

Draw  a  cord  of  indefinite  length  transversely  across  the 
plank  that  represents  the  main  lever's  position,  through  the 
centre  of  its  main  gudgeon,  and  mark  out  this  wall's  width 
according  to  the  breadth  of  the  cast-iron  bed-plate  (that  is 
forwarded  to  rest  on  this  wall,  under  the  stools  which  are 
keyed  thereon  in  suitably  dove-tailed  grooves),  half  inside 
and  half  outside  of  this  line,  allowing  about  a  foot  outside 
of  the  wall  for  clearance  from  the  wall.  Now,  for  the  other 
end  and  side  walls,  if  ^ou  have  no  cast-iron  girder  that  is 
made  to  reach  from  wall  to  wall,  nor  drawings  from  the 
foundry,  you  may  strike  a  horizontal  circle  of  the  exterior 
size  of  the  cylinder  (say  five  feet  eight  inches),  and  mark  out 
the  inside  lines  for  the  end  and  side  walls,  at  least  four  feet 
beyond  this  circle,  so  that  the  inside  breadth  will  thus  be  at 
least  thirteen  feet  eight  inches.  The  thickness  of  these 
walls  may  be  three  feet,  and  again  about  one  foot  may  be 
allowed  on  the  outside  of  each  wall  for  clearance. 

Drive  wood  pins  down  at  each  extreme  outside  corner,  and 
excavate  the  whole  intervening  prism  of  ground  to  a  suitable 
depth  for  obtaining  a  trustworthy  foundation  for  the  walls. 

The  ground  is  now  ready  for  the  masons;  and  as  soon  as 
sufficient  stone,  lime,  and  conveniences  are  on  the  spot,  you 
may  set  your  contract,  and  begin  to  build  the  house.  I  must 
just  now  call  your  attention  to  a  horizontal  line  that  may  be 
seen  just  above  the  ground,  which  extends  around  the  house 
of  the  pumping  engine,  in  Cut  36,  which  is  a  reduction  of 
size  called  the  "set  oftV'  and  here  commences  the  true  wall, 
as  stated  above;  so  that  if  you  prefer  having  the  wall  about 
six  inches  thicker  below  this  line,  which  is  a  good  and  almost 
general  practice,  you  must  allow  for  it  accordingly.     I  prefer 
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having  it  both  outside  and  inside  of  the  walls,  as  it  then  pro- 
vides a  step  or  rest  for  the  bottom  floor,  which  is  also  at  thifi 
leveh 

These  walls  may  be  now  built  up  with  granite,  or  otheT 
Btrong  stone,  to  about  two  feet  high  of  solid  masonry,  except- 
ing a  Bmall  hole  under  the  middle  of  the  main  lever  wall,  far 
passage  of  any  aeei dental  water,  or  for  a  man  to  attend  to  the 
holding- down  bolts  of  the  eondensing  cistern  and  work; 
whicli,  in  these  engines,  are  always  thus  placed  without  the 
building* 

At  this  height,  it  will  be  necessary  to  make  a  frame  of 
wood,  in  which  holes  must  be  drilled  to  exactly  i^orrespond 
with  those  of  the  cylinder  s  bottom,  w^hich  receive  the 
holding- down  screws  (whose  collective  areas  across  their 
weakest  sections  around  the  key-liolcs  must  equal  that  of  the 
piston  rod). 

This  is  properly  centred  under  the  inner  ** half- vibration, 
and  the  building  of  the  cylinder  loading,  which  extends  from 
side  to  side  and  to  the  back  wall  qj'  the  house,  and  as  far 
towards  the  shaft  as  the  flange  on  the  said  bottom  of  the 
cylinder,  excepting  that  two  narrow  ** crows,'*  for  a  man  to 
get  in  under  where  these  "holding-down  screws"  are  to  jiass 
down,  is  left  unbuilt  upon.  Two  or  more  strong  granite 
stones  are  now  laid  across  these  "crowds,'*  and  holes  drilled 
therein  for  the  holding-down  screws,  exa<^tly  under  the  holes 
as  made  in  the  wood  frame,  and  wliich  must  be  slightly 
larger  than  the  bottom  ends  of  these  screw^s. 

The  whole  house  and  loading  must  be  now  built  to  seven 
feet  high  from  the  foundation,  taking  particular  care  that 
good  runners  nud  headers  are  built  across  each  other  in  the 
wall  and  in  the  loading,  and  that  the  loading  shall  tooth  into 
the  end  and  side  walls,  and  lock  itself  in  the  same  manner- 
Square  wood  pipes  may  be  fixed  over  the  holes  for  the 
holding-down  screws,  to  save  the  expense  of  drilling  holes 
through  the  strong  stones  tYiat  may  be  crossed  the  one  over 
the  other,  and  around  these  pipes  instead,  which,  thus  made, 
are  stronger  than  otherwise. 

At  this  seven  feet  in  heiglit,  a  three  and  a  half  feet  wide 
window  or  doorway  must  be  commenced  in  the  middle  of  the 
main  lever  wall ;  and  then  the  whole  four  walls,  witli  tho 
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loading,  may  be  built  up  to  say  twelve  feet  above  the  tbunda- 
tion  (this  depends  upon  the  height  of  the  loading,  which  is 
never  made  less  than  twice  the  diameter  of  the  cylinder),  fin- 
ishing the  top  of  the  loading  with  one  or  more  large  stones 
of  granite,  which  must  be  cut  to  a  somewhat  truthful  level 
top.  This  is  not  strictly  imperative,  as  the  cylinder  would 
then  vary  as  it  was  tightened  down;  so  that  the  practice  is 
to  adjust  the  cylinder  by  the  insertion  of  thin  iron  wedges 
upon  the  stones,  under  its  bottom.  The  wall  is  now  brought 
to  a  level,  and  reduced  to  proper  thickness  to  form  the  outer 
and  inner  set  off. 

The  reduced  walls  may  be  now  built  to  the  height  of  the 
main  lever  wall,  taking  care  that  the  front  opening,  that  was 
commenced  a  few  feet  under  the  floor,  is  still  continued  to  a 
proper  height  for  forming  a  doorway  to  the  condensing  cis- 
tern work,  and  over  this  to  the  shaft;  that  two  side  openings 
are  left  for  the  windows,  and  a  large  arched  doorway  at  the 
back,  whence  the  road  leads,  and  where  the  beam  and  cylimkr 
must  pass  in  through  to  their  working  positions;  not  for- 
getting the  opening  for  the  cross  girder,  wliich  carries  the 
anchors  for  parallel  motion,  and  on  which  the  "spring 
beams**  rest,  as  they  pass  from  the  front  to  the  back  wall, 
and  rest  on  all,  to  receive  the  occasional  "bangs**  of  the 
engine  during  ordinary  working,  or  to  save  the  bottom  of  the 
cylinder  at  any  time  of  serious  breakage,  as  the  main  pump- 
ing rod,  etc. 

The  top  of  this  opening,  which  is  about  three  feet  square, 
should  be  about  the  same  height  as  the  top  of  the  main  lever 
wall,  and  the  side  that  is  nearest  to  the  lever  wall  should  be 
about  three  feet  furtlier  towards  the  back  wall  than  the  inner 
"half-vibration*s'*  vertical  line.  This,  however,  may  be 
more  correctly  ascertained  by  adding  the  excess  or  difference 
of  the  length  of  the  radius  rod  over  that  of  the  parallel  bar 
of  the  parallel  motion,  to  the  depth  from  the  centre  of  the 
anchorage  pin  to  the  extreme  side  of  its  iron  stool,  which  is 
sometimes  secured  to  the  side  of  tlie  wood  girder. 

An  especial  iron  beam  or  girder  is  often  used,  to  run  from 
wall  to  wall  in  front  of  this  wood  girder,  for  anchoring  the 
radius  rods,  which  may  be  drawn  full  size  on  a  board  as  it  is 
intended  to  work,  as  governed  by  the  above  difference^  or 
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Kcess  beyond  the  vertical  half-vibration  lino,  wheu  the  true 
^iclvanced  positioii  of  both  tlie  iron  and  wood  girders  mav  W. 
known. 

The  height  of  the  lever  wall  from  the  top  of  the  loading 
can  be  ascertained  by  measurement  and  summing  of  the 
several  connections  from  the  centre  of  the  nnier  pin  of  the 
main  lever  to  the  centre  of  the  piston ;  and  then,  after  add- 
ing this  total  to  the  diMance  from  the  centre  of  the  worldnfj  pari 
of  the  ci/Undcr  (when  the  cover  and  bottom  are  on),  lo  (he  out- 
side of  it^  boUoifi^  that  restd  upon  the  loading,  and  deducting 
the  central  heiglit  of  the  .stools  which  are  to  rest  on  the  main  M 
w^all,  for  supporting  the  main  lever,  ■ 

Or,  in  other  words,  if  the  height  from  the  bottom  of  the 
cylinder  (or  the  top  of  its  loading)  to  the  centre  of  \t^  inter- 
nal working  space  irf  seven  teet.  the  distance  from  tlie  centre 
of  the  piaton  to  the  centre  of  the  cross  head  is  fourteen  feet, 
and  the  main  loop  {or  connecting  link)  is  five  feet,  these 
added  together  will  equal  twenty-six  feet;  and  if  the  maio 
stools  are  four  feet  high  to  the  centre,  this,  being  subtracted 
from  twenty-six  feet,  wnll  leave  twenty-two  feet  for  tlie  heiglit 
of  the  main  lever  wall  above  the  top  of  the  cylinder  loading. 
To  this  height  should  be  added  the  intended  clearance  of  the 
piston  from  the  bottom  of  the  cylinder,  which,  being  four 
inches,  then  makes  it  twenty-two  feet  four  inches. 

The  top  of  this  lever  w^all  must  have  a  layer  of  wood 
eeeurely  bolted  together,  the  full  oui^kk  breadth  of  the  house, 
the  width  of  the  wall,  and  eight  inches  thick,  to  form  an 
adjustable  bed  for  the  stools;  of  coui'se  this  wood  must  be 
included  in  the  stated  height  of  twenty-two  feet  four  inches. 

The  aide  w^alls  can  be  now  built  thereon,  and  run  up  with 
the  end  wall  tor  some  twelve  feet  higher,  and  roofed  over 

The  openings  for  the  side  and  end  windows  must  be  con-; 
tinued  and  terminated  some  distance  above  this  level,  so  bb 
to  give  light  to  both  floors. 

This  i?,  however^  a  novel  arrangement,  to  sane  windows  and  to 
strengthen  the  walls;  they  are  ffenei^aUi/  made  al  the  (hrr£  floors* 

Two  openings  must  be  now  made  through  the  back  wall 
at  the  sides  of  the  window,  for  the  spring  beams,  at  abou 
three  inches  above  the  level  of  the  main  lever  wall  (the  thick-" 
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ness  of  its  bed  plate),  and  the  same  distance  apart  from  cen- 
tre to  centre  as  the  stools  for  the  main  lever's  gudgeon,  the 
under  parts  of  which  are  made  hollow  to  receive  these  spring 
beams. 

The  roof  may  be  now  put  on,  and  the  masons  transferred 
to  build  the  flues  beneath  the  boilers,  so  that  thoy  may  be 
laid  thereon;  when  the  surrounding  flues  and  walls  of  the 
building  may  be  finished,  and  also  covered  by  a  suitabl3 
roof. 

The  lever  end  is  closed  up  with  thin  wood,  and  a  circular 
centre-piece  around  the  middle  of  the  beam  keeps  the  rain 
and  wind  out  from  the  engine. 

In  this  arrangement  of  windows,  the  lower  windows 
enlighten  the  bottom  floor,  and  the  upper  windows  the  half- 
floor  that  is  placed  on  suitable  beams  around  the  upper  part 
of  the  cylinder,  as  well  as  the  upper  floor,  which  rests  on  the 
spring  beams,  and  which  extend  the  whole  length  of  the 
main  beam,  within  and  without  the  house,  not  shown  in  the 
cut,  because  it  would  hide  the  other  parts,  that  are  now  dis- 
tinctly seen. 

This  Cornish  Pumpixg  Engine  may  be  Erected  in  the 
following  manner. 

In  the  first  place,  provision  should  be  made  that  the  heavy 
parts  of  the  engine  and  the  boilers  shall  be  brought  into  the 
mine  the  right  end  first,  and  be  unloaded  as  nearly  as  possi- 
ble to  where  they  are  required. 

Every  part  of  the  engine,  excejit  the  condensing  work, 
has  to  be  passed  in  through  the  "(cylinder  end**  doorway, 
and  it  is  therefore  first  necessary  that  a  bed  of  whole  tim- 
ber should  be  laid  down  on  tho  ac(!livity  of  ap[)roaching 
ground,  for  them  to  slide  over,  on  suitable  cradles,  or  upon 
rollers. 

Two  good  hand-winches  must  br  procured;  and  I  have 
found  it  better  to  have  one  of  single  ptnner  made  expressly  Uy 
Buit  the  breadth  between  tli<?  spring  beams,  to  be  fixed 
thereon  for  present  anrl  futun;  ns<f  indoors,  and  the  other  a 
double  power,  to  be  moved,  wlK^n  n<MM;ssary,  from  plaee  t-o 
place,  for  outdoor  use,  whi<!h  nuiy  be  fixed  on  rnnn<M-s  of  half- 
t^imber,  and  loaded  down  as  much  as  is  necessary  to  k<;ep 
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them  steady,  just  oppogite  the  front  \vindi>w,  atid  in  Iino» 


woi'k  either  overhead  or  thron«:h  this  o 


p  em  lie 


lop  of] 


ofl 


The  outside  wiiieh  being"  fixed,  lirst  hoi«t  o 
ihc  wall,  over  the  main  lever  wall,  four  transv 
strong  ten  or  twelve  inch  whole  timber,  in  paiif?,  so  thnt  a 
suitid>le  distance   may  intervene,  for  making  room  for  tlie 
upper  block  to  pas^  up  into  this  recess. 

Xow*  lay  on  to  the  top  of  the  wall  ibur  simihir  tran^vemo 
pieces  of  wood,  i  mined  lately  over  the  fyliiider's  position. 

Take  the  length  from  the  inside  of  the  back  or  cylioder 
wall  to  the  outride  of  the  main  lever  wall,  cut  four  pieces  to 
this  length,  and  lay  them  fore  and  aft  the  house,  upon  ibe 
first  laid  transverse  timbers,  one  within  two  feet  of  eacb 
side  wall,  and  the  others  near  the  middle,  about  three  feet 
asunder. 

Lay  on  these  two  other  layers  of  transvenje  pieces,  simibr 
to  the  iirst,  but  shorter,  to  suit  the  roof,  etc.;  and,  lastly,  upon 
all  these  place  short  and  strong  fore  and  aft  pieces  over  the 
cylinder  and  lever  walTs  centre,  to  carry  the  chains  that  sup- 
port each  pair  of  blocks  for  lifting  the  various  parts,  | 

By  this  important  arrangement  of  the  pieces,  you  will  pro- 
vide against  the  rvlHi^g  or  sUdiny  of  the  timber,  during  obUqw- 
aiiifkd  drauffki.  have  stronff  suitablt/  jwsitiorml  supports  for  the 
ttvo  heavj/  weights^  and  by  a  stidinff  piece  over  all^  a  pair  of  blocks  M 
may  be  readily  passed  to  plintjb  over  all  requisite  parts  of  the 
houi^ 


8e* 


Being  thus  provided  with  head  timbers,  you  may  firmly 
secure,  hy  very  strong  rope  or  chain  lashing,  tlie  two  upper 
four-sheaved  blocks  over  the  cylinder's  and  lever's  ceotnil  ^ 
positionsj  reeve  them  to  connect  by  six  inch  w^hite  ropes  with  H 
their  bottom  blocks,  and  lead  the  falls  to  and  over  the  barrele 
of  their  respective  winches,  and    obtain  suitable    nipping  — 
chains  for  the  winches,  whicli  should  not  be  too  shoit ;  about  I 
lifteen  feet  long  will  be  enough  for  fastening  to  the  one  side- 
Irame,  and  on  the  rope;  thus,  about  ten  feet  of  straight  chain 
will  intervene  from  the  one  to  the  other,  wiien  the  rope  is 
retained  by  this  lashing  until  the  slack  rojie  of  the  fall  ia 
transferred  to  the  other  end  of  the  winch  barrel,  for  repeti 
tiou  and  further  elevation  of  the  weight 

The  carpenter  must  now  prepare  two  spriug  beams,  which 
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should  be  sufficiently  long  to  extend  from  the  outside 
of  the  back  wall  to  the  outside  half-vibration  over  the  centre 
of  the  main  rod,  about  fourteen  inches  deep  and  as  wide  as 
the  stool ;  and  a  third  similar  beam,  to  be  vertically  cut  in 
halves,  to  form  two  lesser  beams,  that  must  run  parallel 
to  the  spring  beams,  and  conform  to  the  side  walls,  for 
supporting  the  transverse  floor,  which  extends  for  the 
whole  length,  both  within  and  without  the  house,  to  the 
outer  main  connection.  Also,  the  transverse  girder,  which 
may  be  made  either  of  one  piece  of  wood,  or  of  four  or 
six  pieces  bolted  together,  of  a  size,  for  such  an  engine, 
of  not  less  than  two  leet  six  inches  deep  by  two  feet  wide. 
These  being  made,  the  carpenter  should  proceed  with  the 
outside  work,  as  the  cistern  for  condensing  work,  the  shears, 
the  balance  beam  and  its  box,  mahi  rod,  etc.  (as  shown  in 
Cut  36),  and  the  underground  ''fend  oft'"  Ijeam. 

Now  the  first  part  that  will  be  required  for  the  erection  of 
such  an  engine  is  the  large  flat  bed-plate  that  supports  and 
retains  the  main  lever  stools  in  their  proper  places. 

This  may  be  brought  into  the  house,  and  hoisted  into  its 
position  by  the  outside  winch  and  the  overhead  block,  and 
adjusted  to  the  centre  of  the  top  of  the  wood  frame  on  the 
wall.  If  it  suits  badly  on  the  platform  of  wood,  it  must  be 
hoisted,  and  the  wood  trimmed  where  necessary,  by  an  adze, 
until  it  lies  evenly,  when,  after  a  thin  coating  of  lime  cement 
has  been  plastered  thereon,  it  may  be  lowered  and  spiked  or 
screwed  down  to  its  place,  through  holes  which  are  cast  in 
the  plate  for  that  purpose. 

The  two  spring  beams  (which  pass  under  and  through  the 
hollows  of  the  fore  and  aft  stools),  and  their  corresponding 
and  parallel  side  beams  which  lie  against  the  wall,  may  be 
now  placed  into  position,  so  that  the  top  floor  can  be  laid 
thereon  for  greater  safety. 

The  fore  and  after  hollow  stools  and  their  supported  pillow 
blocks  are  next  hoisted  and  keyed  in  their  true  concentric 
positions,  as  to  straightness  with  the  house,  height,  and 
proper  distance  asunder  to  suit  the  shoulders  of  the  main 
gudgeon,  taking  especial  care  that  about  an  eighth  side  play  is 
aUowed,  as  this  slight  sideling  circulates  the  oilj  and  prevents  the 
journal  from  grooving^  during  continued  wear. 
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As  there  will  be  no  chance  tor  suhseqiient  adjustment  di 
these  parts,  they  miiftt  he  ac'cnnitely  keyed  into  positiOTi, 
which  is  facilitated  by  their  make;  as  the  hollow  8ul»-stooU 
are  keyed  between  fi>re  and  aft  *Mugs/'  whilst  the  upper 
pillow  blocks,  that  really  c^mTy  the  brasses,  are  transversely 
dove -tailed  and  keyed  into  concentric  line,  between  other 
suitxvble  ribsj  which  are  cast  on  the  top  of  the  bottom 
stooL 

A  plank  should  be  cut  to  the  sixe  and  shouldered  shape  of 
the  main  gydgeon,  and  the  long  piece  that  you  were  recom- 
mended to  use  when  marking  the  foundation  and  during  the 
building  of  the  loading,  nailed  across  its  middle  in  a  square 
and  central  pot^iition,  so  that  it  may  represent  the  real  beam, 
which,  being  applied  to  the  stool  as  the  real  gudgeon,  will 
pro\nde  the  means  for  ififorndng  you,  by  the  aid  of  lines 
dropped  from  the  holcd  that  were  drilled  tor  the  positions  of 
the  half-vihrations,  if  the  etools  are  correct  for  carrying  the 
piston  and  main  rods,  as  intended.  This  cross  should  be 
inverted,  and  the  lines  again  dropped,  for  better  proof,  which 
will  correct  the  cross  when  not  made  quite  square;  the  true 
place  being  midway  from  the  first  and  second  trials. 

Whilst  these  stools  were  being  adjusted,  the  tin^t  half  of 
the  *'bob/*  main  lever,  or  beam,  should  be  drawn  into  the 
house  by  the  outside  winch,  the  pumping  end  first,  througb 
the  cylinder  doorway  of  the  back  wall,  over  wood  rollers 
(which  may  be  cot  from  round  timber),  to  within  some  eight 
feet  of  the  main  front  waih 

Two  half-pieces  of  ten  inch  round  timber  should  be  now 
jammed  between  the  main  stools,  with  their  flat  sides  down, 
and  overhdd  with  Hat  iron,  the  one  piece  being  close  to  the 
outside,  and  tlie  other  near  to  the  inside,  of  the  w^all.  These 
are  intended  to  tV>rm  suitable  rests  for  the  separate  halves  of 
the  beam,  as  ihey  lie  at  proper  heights  on  their  edges,  pre- 
vious to  having  their  main  gudgeon  and  other  pins  put 
through  tlicir  respective  holes,  which  are  generally  inserted 
and  keyed  after  elevation,  to  save  the  lifting  of  the  whole 
weight,  which,  in  our  case,  is  at  least  some  thirty  tons. 

It  is  much  better  to  key  it  together  on  the  ground,  and 
hoist  it  in  complete  working  order,  if  your  gear  and  winch 
power  is  sufficiently  strong. 


I 
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In  this  example,  as  I  intended  to  illustrate  the  lifting  of 
its  separate  pieces,  in  less  weights,  the  spring  beams  and 
floor  were  fixed,  which  they  should  not  have  been  if  the 
beam  had  to  be  lifted  with  pins  and  gudgeon  complete,  as 
the  latter  would  not  pass  between ;  upon  these  spring  beams 
other  similar  sized  but  shorter  pieces,  called  "banging  tim- 
bers," may  be  laid,  which  reach  from  the  furthest  side  of  the 
cross  girder  to  and  just  through  the  hollow  stools,  where 
their  ends  are  shaped  in  an  ornamental  manner  upon  the 
spring  beams,  and  keyed  down  by  other  wedge-shaped  pieces, 
that  are  driven  therein  by  a  battering  ram  through  the  stools. 
A  single-power  winch  (six  feet  wheel  on  a  nine  inch  barrel, 
driven  by  a  five  inch  pinion),  which  should  be  supplied  with 
the  engine,  and  made  to  suit  the  breadth  of  these  beams, 
may  be  now  screwed  down  (by  bolts  that  go  through  both 
the  beams),  just  over  the  cross  girder,  as  it  will  serve  for  this 
lift  and  the  future  inside  purposes. 

The  Lifting  of  the  Main  Lever  for  the  Large  Cornish 
Pumping  Engine — Is  considered  the  most  difficult  mechani- 
cal feat  in  mining  engineering;  and  "much  ado  about  noth- 
ing" is  frequently  made,  for  want  of  firmness,  system,  quiet 
watchfulness,  care,  and  consideration  of  the  laws  of  forces. 
Although  it  is  generally  a  scene  of  great  excitement,  and 
sometimes  a  perfect  Bal)el  of  n<»isy  confusion  and  profanity, 
it  may  be  performed  much  more  easily  in  solemn  silence. 

Attach  the  main  lever  block  to  the  one  side  of  the  pump- 
ing pin  hole,  by  at  least  six  turns  of  five-eighths  best  chain, 
double-knotted,  and  the  surplus  ends  stop-knotted  or  bolted 
through  the  links,  to  prevent  all  i)ossibility  of  slip. 

Attach  the  cylinder  block  to  the  main  gudgeon  holes 
of  the  same  side^  m  a  similar  manner.   « 

Call  your  men  together  for  manning  the  winches,  whick 
should,  have  a  snfe  maxbnuiii  number  of  men,  tcho  could  not,  hg 
too  much  strew/th,  break  the  rope;  select  therefrom  two  trust- 
worthy hands  to  attend  to  the  nipping  chains,  and  your 
orders  as  conveyed  by  intelligible  signs,  which  are  as  follows. 
For  hoisting,  one  arm  is  elevated  to  the  vertical  position 
above  the  head;  for  lowering,  it  is  passed  down  from  the 
shoulder  to  the   knee;  for  stojyping,   tlie  hands  are  U)  be 
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clasperj  before  you  at  mii.l-liei<rht;  for  nippiiig^  the  bunds  are 
revolved  the  one  over  the  other,  before  your  person,  at  breast^ 
height;  whilst,  for  increasing  and  diminishing  tlie  speed  of 
cither  winch,  the  one  hand  is  moved  in  a  transverse  circle  to 
the  observer,  very  fast  or  very  shiwly. 

Now  these  being  all  speakimj  signs^  are  not  likely  to  be 
Tnisnnderstood;  and  as  one  winch  h  without,  and  the  other 
within,  the  house,  ynn  can  only  face  the  one  party  whom  yott 
wish  to  instruct,  so  that  the  other  will  nut  alter  their  work  in 
the  meantime. 

After  making  mre,  by  a  short  rehearsal,  that  your  men 
will  sustain  the  programme,  you  may  ascend  to  that  side  of 
the  top  of  the  lever  wall  fuithest  removed  from  the  half  that 
you  are  lifting,  where  you  have  full  sight  of  the  work,  corf- 
age,  and  winches,  and  give  your  orders  as  described. 

Your  first  duty  should  be  to  cast  your  eyes  along  over  the 
whole  appliances,  to  see  if  your  main  block  is  just  over 
where  you  want  the  first  half  of  the  beam  to  rest,  when 
hoisted  upon  the  wall;  then  if  there  are  a  sufficient  number 
ot  turns — say  eight — in  each  of  the  upper  chains,  and  if  they 
have  proper  length  of  apare  ends  beyond  their  knots  to  pre- 
vent accident,  in  ease  of  a  slip ;  if  the  ropes  depart  fairly 
fnun  the  block  sheaves;  if  they  lead  straight  to  the  winches; 
if  the  outside  winch  has  sufficient  loading,  staying,  etc.;  if 
both  have  good  nipping  chains;  if  the  ropes  are  properk 
reeved  through,  and  secured  to,  the  eyes  of  the  bluckiji,  and 
wound  at  least  four  times  around  the  winch;  that  the  rope^ 
are  held  Itack  to  tighten  on  the  barrels,  l)y  a  couple  of  trusty 
men  at  each  winch;  and  that  the  chains  on  the  beam  aie 
lashed  in  a  manner  not  to  run  through  the  holes,  during  the 
necessary  side  strain  that  will  be  in  action  during  the  turning 
of  the  beam  on  its  edge. 

These  things  being  perfectly  satisfactory,  I  will  anticipate 
wliat  will  be  required,  and  give  orders  accordingly. 

Facing  the  inner  winch,  order  them  to  hoist  {by  the  eleva- 
tion of  the  right  anii  to  the  vertical  position);  as  the  straiU' 
comes  on,  the  eye  of  the  block  surges  a  link  or  two  in  the 
chain  lashing;  then,  on  further  hoisting  of  the  block  (anles9 
the  chain  is  disposed  to  slip  through  the  hole),  the  upper 
timbers   give*  audible    creaking   evidence    that   the    stmi 


< 


metallurgists'  companion.  419 

becomes  more  considerable,  until  the  several  pieces  are 
visibly  bent,  and  the  blocks  begin  to  lift  the  beam's  side 
from  the  ground. 

Stop  the  inside  winch  for  a  few  minutes  (by  clasping  the 
bands) ;  and,  facing  the  outside  winch,  order  them  to  hoist 
(by  hoisting  the  arm  to  the  vertical  position) ;  as  soon  as  the 
outside  winch  receives  strain,  give  the  signal  for  the  inside 
winch  to  hoist,  and  slow  the  outside  to  just  keep  their  rope 
to  moderate  tiglitness.  When  the  beam  becomes  nearly 
vertical,  if  the  central  chain  has  not  allowed  the  eye  of  the 
block  to  slip  sufficiently,  both  the  winches  may  be  stopped, 
and  the  beam  stayed  securely  by  shores  from  the  side  of  the 
cylinder  door  opening,  whilst  the  inner  winch  is  lowered  a 
little  to  free  the  eye  of  the  block  into  a  central  position,  the 
men  keeping  their  hands  firmly  on  their  handles,  whilst  the 
two  men  hold  heavily  back  on  the  rope,  in  case  the  shores 
should  give  way. 

After  the  block  is  corrected,  hoist  the  inner  winch  until 
the  full  weight  is  again  received,  and  carefully  ^'nip"  the 
rope  with  the  chain  that  has  been  attached  to  the  side-frame 
for  the  purpose,  by  knotting  the  other  end  to  the  rope,  and 
slacking  back  the  winch  until  the  rope  on  the  barrel  becomes 
free  from  strain,  when  it  must  be  moved  across  the  barrel  for 
another  hoist,  the  back-lwlders  being  always  provided  for  any 
accidental  slip  that  may,  but  should  not,  occur;  hoist  this 
winch  to  receive  all  the  weight,  then  stop,  and  ''nip"  the  out- 
side winch  rope  in  the  same  careful  manner. 

Hoist  both  winches  together,  and  slow  the  inner  one  when 
the  pumping  end  of  the  lever  slackens  the  outside  fall,  being 
always  mindful  that  the  inside  blocks  should  bear  nearly  all 
of  the  weight,  or  the  narrow  half  of  the  main  lever  will  be 
liable  to  turn  over. 

The  end  of  the  beam  is  now  just  clearing  over  the  edge 
of  the  iron  bed-plate  on  the  wall,  and  the  lower  end  is  about 
entering  the  doonvay  below,  and  just  now  care  should  be 
taken  that  the  whole  weight  is  borne  clear  of  the  ground  by 
the  inside  winch,  or  it  will  suddenly  surge  over  the  foot-stone 
into  the  house. 

'    As  soon  as  it  enters  the  house  about  eighteen  inches,  a 
sqaare  piece  of  timber  should  be  thrown  ..  •  oss  the  opening 
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bebiud  the  end  of  the  beam;  and  both  blocks,  particularly 
the  inner  one,  may  be  lowered  until  the  nose  of  the  beam 
muzzles  into  tlit*  loading,  then  sttjp  tbe  winches,  and  wedge 
securely  from  behiiicl,  and  shore  the  sides  of  the  levers  half 
from  wall  to  wall,  in  soeh  substantial  oninner  against  sliding 
and  turning,  that  no  possible  accident  can  occur. 

Next  shift  the  lower  chain  lashings;  that  from  the  centre 
back  to  the  lower  end,  and  that  from  tlie  upper  end  l)ack  to 
the  middle  of  the  beam;  and  carefully  examine  that  none  of 
the  links  of  the  chain  are  injured  in  any  wa). 

As  Boon  ay  these  chains  are  securely  attached  as  before, 
set  taught  both  blocks,  and  nip  each  winch,  one  at  a  tiTnt, 
before  the  shores  are  removed,  so  as  to  have  fair  start. 

Hoist  on  both  winches,  with  much  watchfulness,  and  keep 
them  free  from  slackness  of  fall;  for  if  the  inner  fall  slack- 
ens, the  end  of  the  beam,  by  rising  therefrom,  is  free  to  sway 
sideways,  and  therefore  the  outer  block,  by  drawing  so 
obliquely  and  endwise  from  tbe  top  edge,  is  very  apt  to  first 
swing  around  the  last  end  towards  the  side  wall,  and  then 
turn  the  beam  over  on  its  side,  which  not  only  creates  dan- 
ger, but  causes  much  trouble  to  rectify.  If  both  are  kept  at 
proper  tension,  tbi^  will  never  occur. 

This  most  critical  point  being  passed,  the  beam  is  soon 
hoisted  to  its  full  height,  and  into  a  position  that  is  just 
opposite  the  opening  of  the  stool;  and  now  tlie  lialf-beam 
may  be  lowered  at  proper  side  distance  on  to  those  transverse 
iron-faced  half-timbers  that  were  intentionally  placed  to 
receive  it,  which  will  also  prevent  it  from  touching  on  its 
middle;  for,  being  round,  it  would  be  not  only  unsteady,  but 
too  low  for  the  insertion  of  the  main  gudgeon. 

The  inner  end  of  the  beam  is  next  supported  by  a  chain 
from  the  upper  timbers,  and  shores  are  extended  from  the 
stools  and  side  walls,  to  places  which  will  not  interfere  with 
the  hoisting  of  the  second  half  of  the  beam  or  the  gudgeon, 
that  must  be  hoisted  for  insertion  into  tbe  central  hole  of  the 
tirst  half,  and  passed  nearly  through  to  make  room  for  the 
hoisting  of  the  second  half  in  exactly  similar  manner,  the  ( 
whole  of  which  may  be  easily  accomplished  in  a  day. 

The  second  half  being  placed  exactly  opposite,  the  gud- 
geon is  run  backwards  into  both ;  then  the  other  outer  and 
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inner  gudgeons,  with  feed  and  air-pump,  plug -rod,  and 
motion-pins,  being  also  entered  into  their  places,  the  distant 
pipes  are  next  dropped  down  between  the  half-beams,  the 
bolts  are  passed  through  and  screwed  until  the  two  halves 
become  just  as  safe  and  secure  as  one  beam,  which,  after 
the  journals  are  all  keyed,  it  becomes. 

The  whole  beam  is  next  lifted,  the  brasses  dropped  into 
the  stools,  when  the  former  is  lowered  into  the  latter,  and  a 
whole  piece  of  strong  timber  laid  across  fi'om  spring  beam  to 
beam,  to  support  its  inner  and  heavier  end  to  a  dead  level 
position. 

The  top  of  the  heavy  stones  that  form  the  loading  may  be 
next  chiseled  to  a  level,  the  cylinder  bottom  placed  thereon 
and  screwed  down  temporarily,  and  the  cylinder  drawn  into 
the  house  on  a  cradle  made  by  two  full-length  runners  of  half- 
timber,  on  which  two  transverse  pieces  are  bolted  and  hol- 
lowed out  to  suit  both  length  between  the  flanges  and  the 
circle  of  its  body,  which  is  then  lifted  on  to  the  bottom  and 
bolted  thereto,  for  preliminary  trial  as  regards  being  level,  and 
exactly  under  the  half-vibration  and  transverse  positions. 

The  most  speedy  way  is  to  first  level  the  cylinder  by 
wedging  up  the  bottom  from  under,  and  dropping  a  plumb 
line  from  the  centre  of  the  beam  just  at  the  centre  or  the 
half-vibration,  and  directly  measuring  how  much  it  has  to  be 
moved  the  one  or  the  other  way,  and  keep  leveling,  moving, 
and  adjusting  until  it  becomes  exactly  correct. 

There  are  two  ways  of  leveling,  the  one  by  a  straight-edge 
and  spirit-level  as  applied  across  the  top,  and  the  other  by  a 
plumb  rule  or  staff",  that  extends  from  the  top  to  the  bottom 
of  the  cylinder;  but  I  prefer  the  last  way,  as  it  frequently 
happens  that  the  end  is  not  true  to  the  inside  boring,  by 
imperfect  workmanship,  from  irregularity  of  the  iron  of  the 
casting,  both  as  regards  shape  and  porosity,  and  sometimes 
from  the  shifting  of  the  cylinder  during  the  different  strains 
occasioned  by  the  cutting  tool,  etc.,  etc. 

In  using  the  former,  the  straight-edge  and  level  must  be 
checked  by  turning  them  the  reverse  way;  whilst,  in  the 
latter,  a  fine  thread  should  be  used,  and  the  same  side  of  the 
straight  plumb  staff'  be  held  against  the  cylinder  as  you 
travel  from  quarter  to  quarter,  so  that  if  any  error  exists  in 
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the  instrument,  it  shall^  by  being  roverBcd  on  the  opposite 
half,  clR'L'k  itself.  A  plentiful  in^iertion  of  tliin  iron  wedgea 
ahoukl  be  tightened  under  the  bottom,  wbitdi  mut»t  be 
screwed  down  firmly,  and  the  cylinder  reexamined,  to  see  if 
it  has  swayed  frnm  tnitli, 

TIjo  piston  rod  may  lie  now  keyed  into  the  piston,  and 
after  a  lead  tube  ivS  coiled  upon  the  in;?ide  of  the  bottom  of  the 
cylinder,  to  protect  it  from  trauture  under  aceident,  it  may 
be  hoi.sted  into  the  eylinder,  the  cylinder  eover  put  on.  and 
after  the  parallel  motion  and  piston  eap  or  cross  head  are 
attaehed  to  the  main  lever,  t!ie  piston  rod  may  be  hoisted 
into  the  eup,  and  keyed  by  the  eni^lo.sing  and  cncloied  anDii- 
lar  h;ilf  rings,  as  especially  contrived  for  this  engine. 

Previous  to  the  hoisting  of  the  piston  rod,  it  should  be 
marked  just  on  the  level  with  the  top  of  the  stuffiuic  box,  so 
as  to  observe  how  much  the  lift  exeeedts  the  half-stroke, 
whieh  must  be  no  lei^s  than  four  inehesi  for  clearance  of  th<* 
piston  from  the  bottom  of  the  cylinder,  at  the  extreme  limits 
of  its  descent* 

The  catch  eyes  may  now  be  placed  on  their  projecting 
bos8e&i,  outside  the  inner  end  of  tlte  main  lever,  and  the  hor- 
izontal cateh-bar  (whieh  h  about  the  extreme  breadth  of  the 
spring  bcams^  ten  inches  deep  and  two  inches  thick),  parsed 
through  the  upper  deep  eyes  that  are  parpo.^ely  made  tu 
receive  it,  and  keyed  tirmly  therein;  it  is  now  ready  for 
being  bolted  together  sideways,  and  stayed  from  behind 
by  diagonal  tie-bolts  from  the  back  link-pin  of  the  parallel 
motion. 

Hard-wood  '^ banging"  or  stopping  pieces  are  now  spiked 
on  each  spring  beam,  at  just  the  half-stroke  of  five  feet  under 
this  cros^  catch. 

By  this  time,  the  masons  will  have  l)uilt  the  walls  that  are 
intended  for  the  supports  and  bottom  flues  under  each  boiler, 
whieh  are  at  proper  height  and  lie  sufficiently  apart  (nay 
thirty  inches)  for  these  purposes;  and  your  spare  men,  now 
relieved  from  the  inside  heavy  w^ork,  may  roll  the  several 
boilers  into  their  placer*. 

The  inner  side  of  the  first  1  toiler  should  be  ftjurteen  inches 
off  fi'om  the  side  of  the  engine  house  wall,  the  several  boilers 
twenty-eight  inches  distant  from  each  other,  and  the  outside 
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wall  fourteen  inches,  as  each  boiler  requires  this  breadth  for 
separate  and  complete  flues  at  the  sides. 

K  the  steam  pipe  holes  are  cut,  of  coarse  they  must  be 
oppo^it^  to  the  steam  pipe ;  but  otherwise,  the  front  ends  of 
the  boilers  may  be  about  fourteen  feet  back  from  the  front 
wall,  which  has  as  many  coal  slides  for  supplying  fuel  as 
there  are  boilers  to  consume  it. 

At  the  other  (back)  ends  of  the  boilers,  the  walls  should 
clear  the  boilers  about  five  feet,  for  the  turn  of  the  flues, 
dampers,  etc. 

These  boilers  are,  as  stated,  cylindrical,  and  have  also  an 
internal  cylinder,  in  which  the  fire  burns.  They  are  from 
thirty  to  thirty-eight  feet  long,  and  from  six  to  eight  feet  in 
external  diameter,  the  internal  fire  tube  being  from  three  feet 
six  to  four  feet  six  inche.^. 

A  cast-iron  fire  door  frame  is  screwed  on  at  about  fourteen 
inches  from  the  end  of  the  boiler;  the  intervening  space, 
through  which  the  gauge-cocks  pass,  being  built  up  with 
bricks  to  come  just  fair  with  the  face  of  the  front. 

The  men  may  be  now  employed  in  hoisting  the  cross  girder 
into  its  place;  helping  the  carpenter  to  lay  the  beams  for  the 
floors  ;  getting  the  top  and  bottom  nozzles,  with  their  vertical 
pipes  and  steam  pipes,  into  their  places;  and  making  the  joint-s 
between  the  cylinder  and  bottom  and  flanges  of  the  nozzles. 

At  the  inner  end  of  the  fire-place,  a  brick  bridge  is  built, 
which  stops  the  under  portion,  and  causes  the  flame  and 
heated  gases  from  the  fire  to  pass  close  to  within  one  foot  of 
the  top  of  the  boiler  tube,  and  back  through  the  tube  to 
return  by  two  flues,  now  built  by  brick  arches  against  each 
side  of  the  boiler,  to  the  front  of  the  boiler,  where  the  flue 
being  turned  down  to  unite  with  the  single  flue,  the  gases 
pass  down  to  concentrate  the  heats  of  these  colder  gases  into 
the  one  bottom  flue,  which  pass  thence  to  the  chimney. 

The  damper  frames  and  dampers  being  built  into  the  work 
at  about  one  foot  from  the  back  wall,  the  hollows  are  filled 
in  with  sand  or  fine  earth  to  the  level  of  the  top  of  the 
boilers*  fittings.  The  damjiers  are  worked  by  cords,  which 
pass  over  rollers  to  the  front,  where  they  are  balanced  to 
work  easily,  and  may  be  stopped  and  retained  at  any  point,  by 
a  series  of  holes  in  the  vertical  handle,  as  placed  on  a  pin. 
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The  masons  may  now  build  up  the  walls  for  supporting 
condeof^ing  ektern,  and  after  laying  tbereon  a  suitable  bed  ^ 
of  wood  and  the  cistern,  extend  them  up  its  eides,  to  serv'e  B 
as  a  loading  for  this  bed,  to  which  the  eondenaiug  work  h 
fastened  dawn  by  screws,  which  may  be  attended  by  w*ay  of 
the  man -hole  at  tiie  fuuiiJation  ol"  the  front  lever  wall,  pre- 
viouBly  alluded  to  in  building. 

The  air-pum|>  and  condenser  may  be  now  fixed  in  correct 
position,  witli  tbe  exhaust  pipes  from  the  engine  by  way  of 
the  bottom  nozzle,  as  generally  adjut^ted  to  length  by  a  spigot 
and  faucet  joint. 

The  boiler  walk  may  be  now  built,  and  the  roof  put  on; 
when  the  spare  erectors  can  place  the  boiler  fittings,  and 
connect  the  steam  pipes  to  proper  pOiiition, 

The  joints  are  not  all  made  metal  to  metal  by  lead  putty, 
as  this  would  be  most  inconvenient  for  this  scattered  engine; 
but  are  sometimes  of  the  more  aceomniodating  kind  called 
"spigot  and  faucet,''  or  the  flanges  are  brouglit  to  butt  on 
nan^ow  interior  ribs,  winch  keep  the  outer  and  larger  portion 
of  the  connecting  flange  about  the  varying  distance  of  from 
one-fourth  to  one-half  inch  asunder,  between  which  either 
the  old  time-konored  ''iron  rust"  (which  is  a  mixture  of  one 
hundred  parts  of  iron  rust,  sifted  through  an  eighth-inch 
sieve,  and  one  and  a  fourth  parts  sal  ammoniac,  just  suffi- 
ciently moistened  with  water  to  set  well),  is  firmly  eaulked, 
by  a  thin,  flnt- ended  caulking  steel;  or  the  modern  mixture 
of  red  lead  putty  with  Unseed  oil,  solidified  during  the  caulk- 
ing,  by  throwing  a  little  of  the  sifted  iron  in,  as  necessan*. 
Both  shouhl  have  fair  time  to  rnst  or  set  firmly,  (The  law 
demands  that  retaining  bolts  shall  he  also  used.) 

The  latter  is  the  easier  in  execution,  and  has  the  great 
advantage  over  the  former,  that  either  a  steam  or  vacuum 
joint  may  be  caulked  again  and  again,  if  necessary  to  stop 
subsequent  leakage.  Whilst  the  joint-makers  are  about  this 
work,  the  other  spare  liands  can  key  on  the  air-pump  bucket 
to  its  rod,  and  [tnt  it  into  the  air-pnmp  barrel;  place  the  foot- 
valve  into  its  diagonal  working  position  between  the  pump 
and  condenser,  the  valves  on  tlie  air-pump  luicket,  and  the 
** swimming  cover"  valve  on  over  the  air-pump  rod  and  bar- 
rel (which  works  at  its  head),  and  pack  its  stuifing  box;  fix 
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the  guide  for  this  rod ;  take  its  length,  hy  hoisting  the  bucket 
and  rod  to  about  two  inches  above  the  half-stroke,  and  after 
the  rod  is  made  to  the  correct  length,  connect  it  with  the 
main  lever. 

The  feed  "plunger"  or  "force**  pump  is  generally  made 
so  as  to  be  screwed  down  on  the  top  of  the  condenser,  which 
may  now  be  also  attached,  with  its  valve -box,  valves,  and 
pipes  to  connect  with  the  hot  well  and  the  pipe  that  runs  in 
front  of  the  boilers,  under  their  several  governing  and  anti- 
return  valves.  The  plunger  pole  must  be  next  dropped  into 
its  place  to  the  bottom,  and  being  then  hoisted  to  about  one 
inch  above  the  halt-stroke,  the  length  of  its  rod  may  be 
taken,  made  to  correct  length,  and  also  connected  with  the 
beam. 

The  governing  and  stop-feed  valves  may  be  attached  to  the 
front  of  the  boilers,  on  the  side  of  the  fire  tubes,  at  about 
two  feet  under  the  surface  level  of  the  water  in  the  boilers. 

Two  gauge  cocks  are  generally  used,  without  gauge  glasses, 
which  are  placed  at  about  four  inches  and  eight  inches  above 
the  top  of  the  fire  tube,  and  the  water  is  supplied  to  range 
from  the  one  to  the  other,  as  governed  by  the  whiffing  of 
intermittent  steam,  as  the  top  of  the  water  approaches  the 
one  or  the  other;  but  this  affords  insufficient  margins,  and  is 
very  unsatisfactory  and  unsafe,  as  it  is  a  common  practice  to 
allow  the  water  to  get  above  the  top  cock,  and  sometimes 
even  below  the  bottom,  when  indiscreet  fools  run  fearful 
chances  that  the  water  is  at  safe  height,  and  awful  explo- 
sions result.  It  is  therefore  almost  imperative  that  a  third 
cock  be  used,  at  about  one  inch  above  the  tube  that  shall 
indicate  the  exact  commencement  of  danger,  when,  if  the 
water  does  not  increase,  it  shall  be  criminal  neglect  of  duty 
if  the  fire  is  not  immediately  withdrawn. 

It  is  still  better  to  have  four  gauge  cocks,  the  fourth  being 
placed  some  four  inches  above  the  third,  to  give  an  occa- 
sional advantage  for  knowing  where  the  water  is,  where  an 
extra  quantity  is  required  for  cleansing  the  boilers,  or  previ- 
ous to  stopping  the  engines  for  many  hours. 

Glass  gauges  are  very  good  collateral  checks,  for  careful, 
intelligent  drivers,  or  for  steamboat  and  locomotive  boilers, 
where  the  water  continually  oscillates  in  the  glass,  and  by 
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which  the  pipes  may  be  knnwu  to  he  clear;  but  for  Uoilei^ 
that  are  perfectly  steady,  atid  tired  by  such  mc7}  as  are  gtn- 
erally  selected  for  working  enyimn  on  mmcs^  who  would  be  too 
apt  to  rc*ly  entirely  thereon,  and  thus,  thinking  that  it  wonW 
conUnue  forever  fnilifaly  explosion  would  l)e  nuich  more  likelv 
to  occur  than  when  gauge  cocks  kept  them  continually 
responsilile  and  regular  in  more  alert.  Imbits. 

Drhrr^  should  invariabli/  ffaitge  the  water  before  firing^  and 
open  all  the  gunge  cocks  at  least  once  in  each  ^'A(A  ®^^  ^'*^^ 
they  may  turn  fi^eely  wJten  required  for  unnaual  and  extreme 
purposes. 

The  steam  *'stop  valves"  may  be  next  put  on  to  each 
boiler,  and  united  to  eueh  other  and  with  the  engine  by  their 
appropriate  steam  pipes,  which  are  generally  ordered  from 
the  fcmndry  to  suit;  but,  when  in  remote  positions,  they 
must  be  made  of  correct  length,  and  the  boilers  brought  to 
suit  the  pipes  before  they  are  built  over  by  masomy. 

The  safety  valves  are  now  put  on  at  about  the  middle  of 
each  boiler;  and,  for  greater  safety,  there  should  be  two 
vfdves  to  each  boiler.  The  valves  should  be  large,  as  they 
are  liable  to  stick;  for,  whilst  their  mlheskm  is  governed  by 
the  simple  diameter,  the  upward  pressure  to  free  it  is  as  the 
square  of  the  diameter,  ' 

See  that  the  gear  and  pins  are  very  slack,  for  workmen  arc 
so  addicted  to  good  fits,  that  nineteen  times  out  of  twenty 
they  will  be  too  tight  for  this  safety  purpose.  It  is  not  their 
business,  but  yours,  to  discriminate  when  it  is  so  highly 
improper.  Brass  pins  sliould  he  used  in  preference  to  iron^ 
as  tliey  will  never  be  liable  to  rust  or  Jarn, 

You  should  also  calculate  the  pressure  of  steam  for  your 
own  satisfaction,  as  occasioned  by  the  size  of  valve,  length 
of  lever,  and  the  accompanying  weight,  by  squaring  the 
internal  diameter  of  the  valve  in  inches^  and  its  decimal  parts^ 
which  will  give  the  lunnber  of  circular  inclies,  and  this  being 
multiplied  by  .7854,  will  give  the  number  of  square  inches 
of  the  valve  as  conventionally  required  for  pressure.  The 
weight  should  be  aho  ireighed,for  ijreater  ceriutnty, 

Fow,  if  this  weight  was  put  exactly  over  the  valve,  and 
the  steam  began  to  escape,  it  would  be  of  just  sufficient 
pressure  to  lift  it;  so  that  the  weight  being  divided  by  tha 
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namber  of  square  inches  in  the  valve,  it  would  give  the 
pressure  that  was  being  exeitecl  per  inch  by  the  steam;  and 
if  the  valve  was  but  one  square  inch,  the  weight  w^ould  at 
once  be  the  pressure.  So  that  supposing  the  e^ame  w^eight 
was  again  placed  at  any  distance  still  further  out  on  the  lever, 
and  the  pressure  of  the  steam  was  increased  until  it  again 
lifted  the  valve,  the  pressure  would  be  increased  in  propor- 
tion to  the  leverage;  or  if  the  valve  contained  sixteen  square 
inches,  and  the  length  from  the  centre  of  the  pin  to  the  cen- 
tre of  the  before-named  point  immediately  over  the  valve 
was  five  inches,  and  the  length  from  the  centre  of  the  same 
pin  to  the  centre  of  the  weight  (which  is  say  one  hundred 
pounds)  was  fifty  inches,  it  would  be  figured  thus:  The 
weight  of  100  pounds,  multiplied  by  50  inches,  and  divided 
by  5  inches,  would  equal  the  pressure  of  1000  jjcr  inch,  if  the 
valve  was  but  one  square  inch;  and  of  course,  when  this 
1000  is  divided  by  16  square  inches,  it  will  be  62.5  pounds 
per  square  inch.  These  are  suitable  dimensions  for  this  max- 
imum pressure.     Tlie  weight  of  the  lever  is  disregarded. 

The  blow-oft*  pipes  remain  to  be  fixed,  just  under  the  front 
ends  of  the  boilers,  which  are  about  four  inches  in  diameter, 
and  elbowed  to  run  the  water  straight  away  through  suitable 
culverts,  that  are  made  fortius  express  purpose.  One  boiler 
may  be  cleansed  at  a  time,  which  should  be  done  at  least 
once  in  six  months,  by  washing  all  the  water  and  mud  out 
through  this  pipe.  It  is  a  good  plan  to  have  also  (although 
rarely  done)  a  tap  in  this  pipe,  which  can  be  opened  by  a 
lever  occasionally,  in  the  meantime. 

The  boilers  may  be  filled  with  water  to  the  upper  working 
cock,  the  man-hole  branches  put  on,  and  all  the  upper  joints 
made,  when  the  boiler  is  ready  for  firing  slowly  for  drying 
the  flues. 

The  plug  rods  may  be  next  attached  to  the  beam,  and  the 
guides,  tappets,  slides,  etc.,  put  on  for  working  the  hand-gear, 
which  must  be  place<l  and  keyed  on  the  arbors  that  work  in 
vertical  columns  called  weigh -posts;  then,  after,  the  valves 
are  placed  in  their  positions  in  the  nozzles,  their  covers 
jointed  on,  and  their  working  lovers  fixed  on  the  top  of  the 
nozzles,  the  rods  may  be  connected  to  the  hand-gear  before 
named,  which  is  on  the  bottom  floor. 
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The  valves  are  now  balanced  by  levers  on  the  arbors,  whicl 
coiiDect  by  vertical  rods  to  appropriate  boxes  beneath  the 
floor;    whilst   anotlier    lever   also    connects   by   8iib -arbors 
beneath  the  floor  with  the  injection  valve  that  is  attached  to 
the  one  8i<le  of  the  condenser. 

Lastly,  the  slip-catches  are  lixed,  and  their  '^cataract/*  or 
time-fc€epei\  which  causes  them  to  slip  at  the  desired  tiniedf 
for  faster  or  sknver  working,  as  previously  explained  when 
describing  this  engine. 

Before  the  radius  rods  of  the  parallel  motion  are  attaeheti 
to  the  anchorage  block  or  bar,  or  these  placed  to  correct  posi- 
tion, it  wnll  be  better  to  pack  the  piston,  screw  down  the 
cylinder  cover  exactly  central,  make  its  joint,  and  pack  iti 
stutfitjg  box,  which  will  cause  more  correct  centering  of  these 
parts. 

To  fix  these  anchor  and  radius  bars  in  the  easiest  and  be«t 
manner,  it  will  be  only  necessary  to  bring  the  parallel  and 
the  radius  bars  of  the  motion  to  an  equal  level,  and  then 
wedge  the  girder  to  agree  with  the  anchoring  block  or  bar, 
as  either  is  supplied. 

When  the  iron  girder  is  supplied,  an  arbor  is  also  fixed 
that  runs  across  the  whole  breadth  of  tbe  motion,  and  resl^ 
on  vertical  screws  that  arise  out  from  the  main  iron  girder, 
which  may  be  elevated  or  depressed  by  nuts  over  and  under, 
to  suit  the  level  of  the  parallel  bars;  whilst  fore  and  aft 
screw^Sj  that  pass  through  suitable  eyes  in  iliis  arbor,  can  be 
also  regulated  by  nuts;  these  screws  pass  through  the  larg^! 
wood  girder,  and  are  firmly  screwed  to  connect  therewith  for 
greater  stability,  ^ 

The  one  end  of  these  radius  rods  is  often  made  for  adjust^ 
ment  by  nuts  on  the  bar,  which  lengthen  or  shorten  the  rod 
as  it  passes  through  an  eye  in  the  transvei'se  bar,  w^ien  it  will 
be  necessary  to  calculate  for  its  length,  whitth  is  dune  as  fol- 
lows. The  distance  from  the  main  beam's  centre  to  the  ceihS 
tre  of  the  back  link-pin  is  squared,  and  then  divided  by  thef 
length  of  the  parallel  bar,  which  will  give  the  length  of  th& 
radius  rotl  sufficiently  near  for  your  purpose.  ■ 

Before  the  upper  timber  is  removed,  the  shaft  sheai's  slioul<l 
be  elevated  to  its  position,  as  it  can  bo  done  much  easier  by 
its  aid.     The  chain  lashings  may  be  brought  from  the 
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3  girder  up  over  these  timbers,  to  give  the  blocks  good 
;ht. 

Whilst  the  men  are  adjusting  and  keying  the  various 
•;  clothing  the  cylinder,  nozzles,  and  steam  pipes  with 
or  other  non-conducting  materials;  balancing  the  valves, 
fixing  the  other  general  appurtenances;  making  the  sev- 
cover-joints,  packing  the  stuffing  boxes,  and  clearing  the 
)er  away  from  above,  excepting  just  four  pieces  that  must 
3ft  over  the  cylinder  cover:  the  pitman,  timbermen,  and 
tmen  should  be  erecting  the  balance  beam,  connecting  it 
le  main  rod  by  a  wood  rod  of  from  fifty  to  sixty  feet  in 
th,  which  is  generally  made  of  the  same  size  as  the  main 
secured  thereto  by  staples  and  glands,  that  snugly 
>se  and  tighten  them  on  an  intervening  piece  of  timber 
milar  breadth,  and  of  some  six  feet  in  length;  the  top  end 
nnected  to  the  balance  beam,  at  half-stroke,  by  side  strap- 
plates  and  brasses,  in  similar  manner  to  the  main  rod. 
has  been  the  practice  to  attach  the  bottom  end  of  this 
it  the  distance  that  plumbs  under  the  half-vibration;  but 
is  an  error,  as  the  sideling  action  that  is  then  produced 
We  main  rod  produces  a  most  destructive  jarring  strain, 
may  be  almost  entirely  removed  by  the  proper  obliquity 
lis  rod  towards  the  main  rod,  by  reduction  of  the  thick- 
of  the  tiller. 

a  line  be  drawn  froin  the  half-vibration  of  the  nose-pin  of  the 
ice  beam  to  the  centre  of  the  next  ''^ stay'' -hole  for  the  main 
it  will  pass  through  the  point  of  space  where  the  centre  of  the 
n  end  of  the  connection  rod  will  jostle  the  rod  but  little;  and 
fore  the  size  of  the  intervening  piece  may  be  known  by  meas- 
ffrom  this  line  to  the  side  of  the  main  rod,  at  each  end  of  the 
ied  filler  piece,  and  then  deducting  half  the  diameter  of  the 
'ction  rod  from  each  measurement  for  the  thickness  of  exich 
f  the  wedge-shaped  filler. 

le  centre  of  the  ''stay"  alluded  to  must  be  exactly  under 

lalf-vibration  of  the  outer  pin  of  the  main  beam. 

her  main  rods  must  be  attached  as  required,  and  enclosed 

30Ut  their  middles  with  thin  hard-wood  xcearing  pieces^  to 

:  in  similar  '-stays'*  or  guides. 

jfore  these  rods  are  sent  from  the  surface,  they  should 
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hftve  liolt;»s  tlriilcd  nt  Imtli  ends,  as  marked  by  appmpm*^ 
templates  tbnt  are  k*'iit  ft»r  tljis  express  pnr]>(»»ts  whiUt  tli^ 
ujH^rr  end  should  linvtj^  tin*  ^^strnppirjg*'  or  conneetiii<r  plat*?^^ 
bulled  oHt  for  more  speedy  conneelinn  to  the  r^aU  Ihar  nn^ 
already  in  the  shaft.     (See  Cut  36,  where  they  are  in  tlu 
of  lowering  a  main  rod  into  the  shafts) 

An  the  rods  are  ke[)t  to  uloiie  abutment  by  the  pressaiire  oF 
these  plates  on  the  shle  of  the  rod,  and  by  tlje  $nngm\^  of  ihe 
holt^  into  tho  liolei^*  theyi^hovdd  be  sere\red  very  tightly,  anil 
he  tilted  simgly  intt^  the  holes;  the  heads  tif  the  hob.-*  au*! 
the  nut?i  should  always  be  made  Hqnare,  for  this  and  all  otK<^^ 
shaft  purposes,  as  the  wrench  m  less  likely  to  slip;  and  th^ 
holts  should  be  sharpened  to  centre  punch  points*  so  ib**^ 
tliey  may  lie  driven  into,  and  out  frotn,  the  hole?  wirh  jrrt^at*^^ 
ease. 

As  soon  *Ai5  tlie  country  rock  liecomc;^  vi  .<rtucd  > 
u  very  .ntrong  set  of  dtvp  stays  t<hotild   be  fixed  an*  *' 

rod,  by  cutting  *'hitchej?'*  or  reeesse.s  into  the  roek  on  bo^> 
sides  of  the  sliaft,  to  receive  the  end^s  of  a  t*nffieicnt  tiiindx 
of  strong  pieces  of  timber  to  make  about  say  eight  feet  dec 
and  eight  inches  wide  on  both  sides  of  the  rod,  so  as  to  farc>^_ 
the  ''mlh,"  or  butting  stop  l)carer»,  for  the  prevention  of  aee: 
dent  during  a  too  long  and  speedy  descent  of  the  nn^in  nni 
w^hich  is  as  much  a  necessity  for  tliis  kind  of  engine  as  tU 
catches  that  have  been  already  fixed  in  the  engine  hon^e,  fo 
staying  the  too  speedy  and  extcndctl  inward  motion  of  th* 


These  Bearers  fou  TnE  Shaft  Catchup  —  Which  m  iw 
case  arc  also  made  to  act  for  stays,  may  be  cornpletifd  for  ih 
double  duty  by  having  two  wings  (the  one  on  cither  «id0« 
XQ  rod)^  of  about  say  eight  feet  long,  and  the  breadth  of  0^^ 
xl  and  thickness  oT  the  stays,  firmly  ecrew^ed  by  s\>me  ^}%  •- 
eight  staples  and  glands  to  the  main  rod,  so  that  they  i^liA^" 
strike  on  the  **sills"  when  tlie  top  uf  the  piston  iti^liU  iK>r<^^ 
fnur  inches  from  the  cylinder  cover. 

The  shaft  must  be  now  fitted  with  the  other  a{ipliaii(?Ofi, 
the  ••house-lift/*  or  plunger  force  ptimii^  for  supplying  i 
lensing  and   dressing  water,  s\)r  ' 
n's^  in  diameter;  the  best  place  1 


MBTAl.tTrRQISTi5     COMPASrOS. 


4S1 


I 


Uehiufl  the  rod,  as  worked  by  a  puraHel  wood  stock  or  rod, 
that  is  wcMlcred  into  the  cyroidncal^  pole  by  being  sluii»ed  to 
«ixe,  and  driven  by  a  battering  ram  until  the  one  end  gets  on 
ad  far  as  the  shoulder  that  has  been  left  for  it  to  stop  against, 
and  the  other  end  is  just  fairly  throngb,  %vhen,  at\er  it  has 
been  wedged  quite  water-tight,  it  h  ready  for  use. 

The  flat-bottomed  wind-bore  (perforated  jiuction  pipe)  is 
uuw  lowered  into  the  cistern,  the  H  pioee  jointed  thereon, 
and  the  pfde-ease,  with  \U  stuffing  box,  jointed  on  thii^,  into 
which  the  plunger  is  concentred  at  proper  half- stroke  and 
H  ^dearanee  heiglit,  and  its  stock  screwed  on  to,  and  in  line 
'        ^nthj  the  intervening  filler  and  niain  rod.     The  eight-inch 

I  upper  ''clack "-piece  being  placed  on  the  top  flange  of  the 
other  side  of  the  H  piece  which  lies  along  the  ^ide  wall  of  the 
s^huft^  towards  its  corner  that  is  fartlie.st  remo%^ed  from  the 
^'hiui-shuft,  capstan,  and  ladder  ways,  when  the  pipes  are 
reared  to  the  surtace.  The  positions  of  these  are  all  illus- 
tnited  by  Cut  39;  so  that  this  corner  is  now  filled  by  the 
balance  conuection,  main  rod,  and  pump,  whilst  the  opposite 
corner  server  tor  ladder- way  ;  wliieh  is  also  within  reacliing 
distance  of  the  comparatively  large  and  convenient  capstan- 
"vvay,  for  the  conveyance  of  the  heavy  parts. 

In  this  arrangement,  the  door  of  the  H  piece,  tor  the  inser- 
tion and  occasional  examination  and  repair  of  the  valve  or 
**elack/*  should  be  at  the  end,  or  a  suitable  recess  most  be 
cut  in  the  ground,  to  create  the  necessary  room  for  the 
^-'hanging  of  the  elack. 

A  screw  and  chain  should   be  idso  suspended  ov<^r,  and 
**ttaehed  to,  tlic  doors,  for  facilitating  the  swinging  off,  and 
^^X''^^*"^rf  them  on  to,  the  valve-boxes, 
H         The  mechanical  appliances  of  the  shail  being  thus  far  com- 
J*l^ted,  we  will  now  prepare  for  fixing  others  for  working  the 
**^<»per  sections  below  this  level,  around  the  angle  into  the 
*^  i  agonal  shaft. 
^L         The  temjioriiry  hiddcrs  may  he  now  removed,  and  the  foot- 
W*^«»y  fitted  up  in  a  permanent  manner. 

H^  Ludders  should  be  made  of  some  straight-grained  wood,  of 
^p^^^t  less  than  thirty,  nor  more  tlian  fifty,  feet  in  length,  from 
~^"^  Ur  to  five  inches  wide,  and  from  two  to  two  and  a  lialf  inches 
_  ^'^  ick;  the  ladder  ** staves,"  bars,  or  steps,  sliould  not  be  less 
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than  ten  nor  more  tluin  twelve  inrhca  apart,  and  be  ei 
entirely  made  of  three-fourths  or  seven-eighths  round  iron, 
of  oak  or  other  strong  (barrel-shaped)  wood,  with  three  loc 
ing  staves  of  iron,  one  at  each  end  and  one  at  the  middle, 
aa  to  seeorely  retain  the  sides  by  transversely  split  keys. 

Thet*€  is  much  diferenee  in  ludder-icays^  as  to  companfiit'e  ea. 
in  climbing^  which  is  ckiejl//  governed  %  ihe  length,  diffcrfnct 
distance  between  stave^y  angle  of  incliney  proper  number  of  stfii:\ 
above  each  platform,  and  thai  of  easy  fransdion  from  the  ha 
the  one  to  the  foot  of  the  other  ladder. 

As  to  the  length,  three  ladders  to  the  one  hundred  i'eet  m 
good  (lifltances,  each  being  thirty-seven  feet  long,  so  that  th 
lai^it  step  to  the  platform  shall  be  as  easily  attained  as  possible 
by  this  extra  height.     The  average  of  men  will  prefer  th 
staves  to  be  ten  and  a  half  inches  apart^  and  the  incline  to  I 
about  tliree  feet  on  this  thirty-seven,  which  can  be  readilj 
obtained  in  the  perpendicular  part  of  the  shaft  by  placing  all 
of  the  ladders  one  over  the  other,  dipping  the  same  war,  tht 
passage  from  one  to  the  other  being  as  shown  by  tlie  arro' 
in  Cot  39,     It  will  be  well  to  take  a  little  out  from  tlie  ground^ 
just  to  make  room  for  the  shoulder,  or  to  place  the  ladders 
somewhat  obliquely  with  the  way,  as  shown  in  the  cut. 

On  the  incline  part  of  the  shaft,  the  ladders  will,  of  coarsi;, 
be  reversed,  to  follow  the  dip;  but  should  still  keep  ixiffi^ 
ciently  near  to  the  capstan-way  for  occasional  convenience* 
when  the  weights  require  c  lea  ranee,  etc. 

To  illustrate  all  the  difficulties  which  may  occur  at  this* 
point,  we  must  suppose  that  much  water  has  been  just  now 
cut  in  the  shaft,  which  is  but  some  ninety  feet  below  thi> 
level,  and  the  shaftmen  are  released  from  their  contract,  in 
consequence  of  this  increase. 

On  the  supposition  that  the  protitable  depth  of  the  district 
commences  at  three  hundrctl  feet,  we  had  better  proceed  fl-*« 
follows,  to  rid  the  shaft  from  water. 

First,  as  the  water  is  rising,  lay  on  the  foot-wall  shaft-fram*? 
a  slide  of  bed  planks  in  the  capstaii-vvay,  to  facilitate  the 
hoisting  and  lowering  of  the  heavy  and  iri'egularly  shaped 
pump  work  to  their  suitable  positifuis;  imlcss  the  bed-roek 
is  hard  and  smooth,  and  thie  part  of  the  shatl  is  not  timberedt 
when  it  will  be  unnecessary  to  do  so. 
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Tht'ii  fix  strong  cross-bearers  from  foot- wall  rock  to  hang- 
ing rockp  entering  into  both  for  strength  of  i>iippurt,  and  suffi- 
Qiently  far  apart  for  the  pump  to  paas  down  through  these 
bearers  into  the  shaft  below,  so  that  it  may  be  securely  stayed 
^and  lowered  into  the  water  as  required. 

If  your  steam  capstan  is  now  ready,  you  may  screw  or  joint 
three  or  four  pieces  togctlier  at  the  s^iirfaee,  and  k>wer  tliem, 
all  ready  for  work,  into  position  below;  but,  if  not,  tir&t  send 
down  the  'nvind-bore''  (which  must  be  of  egg-ended  shape 
for  sinking,  and  sufficiently  strong  to  resist  the  bonibarduient 
fi'oni  rocks  during  bhisting,  whicli  is,  in  hard  gronnd,  terrific, 
and  requires  a  tliickiieas  of  some  three  or  four  inches  to  with- 
stand tbe  shocks). 

To  this  *' wind-bore"  (perforated  suction  pipe)  is  attached 
the  ''clack  seat-piece*'  (valve-l>ox),  which  is  about  four  feet 
in  length  of  expanded  middle,  with  oblong  aide-door,  for  ILx* 


Cut  39. 


ing  and  examining  the  valve,  which  is  ma<le  of  half- inch 
thick  wrought-iron,  to  which  a  face  of  leatlier  is  riveted  ;  the 
valve  is  lunged  on  one  side,  and  generally  works  from  a  fixed 
centre;  but  sometimes  the  hinge  rises  into  two  slot  links, 
about  three  or  four  inches  high,  wliich  atiords  better  clear- 
mce  for  the  jtassage  of  the  water,  so  that  the  front  of  the 
'  valve  may  nut  rise  so  far. 

*'Butterfiy  '  double  valves  are  sometimes  used  for  large 
eeata,  whicli  work  on  a  transverse  bar  io  tho  cast-iron  or  brass 

•Beating.  Tlie  face  of  the  seat  is  either  quite  dat,  or  rises  at 
the  middle,  forming  separate  diagonal  planes,  which  are  illus- 
trated at  page  442. 

Ample  space  should  be  allowed  for  the  water  s  free  traverse 
i  ^8  «.— 
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through  the  seatiiiir  an<l  around  the  periphery  of  tlie  valvc^ 
so  tliat  it  may  work  easily.  It  is  a  good  phin,  too  (as  it  gives 
the  double  advantages  of  suiting  a  larger  pump  for  the  futare, 
if  required  J  and  present  freedom  for  water),  to  have  thii* 
''clack  seat-piece**  of  one  or  two  inches  larger  size  than  tbe 
pump  barreh 

A  bar  of  wrought-iron  should  always  be  fitted  into  the 
upper  throatway  of  this  valve -box,  just  at  the  level  of  the 
rtange,  to  prevent  the  bucket  dropping  into  the  valve -box, 
and  to  provide  a  stop  and  support  tor  a  **drop  clack,"  in  caae 
of  accident  to  the  valve  of  the  bottom  box. 

Upon  this  the  working  barrel  of  the  pump,  which  should 
not  be  less  than  fourteen  feet  long,  and  in  our  case,  of  ten  M 
inches  in  diameter,  may  be  now  screwed  on  (or,  first,  a  short  ^ 
taper  seat  for  "drop  clack,*'  if  preferred);  and  then,  being 
lowered,  until  the  wind-hore  enters  the  water,  it  is  reared  by  M 
pipes  to  the  height  of  the  cietern,  and  is  ready  for  work. 

There  are  some  five  or  six  ways  for  raising  and  lowering 
the  pumps. 

1.  By  a  pair  of  powerful  imdergroond  blocks. 

2.  liy  a  iong  screw  placed  on  and  between  tlie  bearers,  as 
worked  by  a  long  lever,  on  its  n  it, 

8.  By  a  pair  of  yokes,  whiclt  together  encircle  tlie  pump 
or  pipes,  and  rest  across  the  iM-irers,  so  that  they  may  be 
made  to  retain  or  lower  the  pump,  by  more  or  less  pressure 
on  the  screws. 

4.  By  the  steam  capstan. 

5.  By  the  engine  itself,  by  beliiic  securely  attached  to  the 
main  rod  aet-oft'  or  catches  by  strong  chains. 

6.  Light  lifts  may  be  dropped  as  required,  by  having  sev- 
eral tunis  of  a  strong  chain  reeved  around  one  or  more  sub- 
stantial pieces  of  timber. 

The  best  and  most  frequently  used  means  are  those  of  the 
screw,  or  pair  of  strong  blocks,  as  aided  by  the  occasional 
grip  of  the  yokes;  which  answer  all  purposes,  for  pumping 
out  old  re-worked  mines,  or  tor  the  sinking  of  new  shafta. 
The  former  requires  the  whole  weight  to  be  kept  in  continual 
suspension,  as  lowered  to  suit  the  deepening  of  the  surface 
of  the  water;  whilst  the  latter  requires  but  to  be  occasionally 
kept  entirely  or  partially  clear  from  the  bottom  of  the  shaft. 
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Ifaw,  after  the  wooiien  discharge  lip  (or  '* collar  launder**) 
>  jointed  on  the  toji  pipe,  the  bucket  may  be  attached  to  its 
^venil  rods  by  "clasp  joints*'  (where  shouldered  or  stepped 
|Qare  iron  ends,  that  fold  over  each  other  for  a  few  inchea, 
enclosed  by  a  closely  fitted,  somewhat  taper  square  iron 
irnile),  and  lowered  into  the  purap,     (See  Cut  40,) 

The  pipes  that  stand  above  tJiis  working  barrel  of  the 
imp  should  be  nine  feet  long,  and  one  inch  larger  than 
self,  so  that  the  bucket  may  pass  down  freely;   and  two 

latching**  pipes  may  be  of  use,  the  one  of  six  feet  and  the 
^lier  of  three  feet  in  lengtlu  to  accommodate  the  height  for 
charging  into  the  cistern. 

To  work  this  inclined  pump  from  the  vertical  main  rod, 
>u  may  fix  a  temporary  pulley  on  cross -bearers,  so  that  a 

H>ng  chain  may  be  attached  to  the  rod,  which,  by  passing 
ider  the  pulleyj  will,  when  fastened  to  a  suitable  ^'nipple" 
'  iron  pin  on  the  main  pumping  rod,  by  an  eye  in  the  top  end 

the  bucket  rod,  work  the  diagonal  pump,  to  elevate  the 
►ater  into  the  ** house  lift"  cistern,  when  all  excess  over  that 

juired  for  the  engine,  etc,,  will  pass  away  thiKmgh  the  adit 

To  accommodate  the  length  of  the  iron  **  locket  rod,'* 
bree  means  are  resorted  to. 

1.  The  upper  end,  that  is  attached  to  the  iron  pin  of  the 
3t-oft'  fi*om  the  main  rod,  has  a  long  piece  of  ilat  iron,  in 
rhich  tliere  are  several  holes. 

2,  The  upper  end  has  a  strong  chain^  composed  of  several 
>ag  links,  no  that  either  may  be  hooked  on  to  the  **set- 
•i**  according  to  the  length  required. 

j_3.  Tlie  backet  rods  are  disconnected  or  uuelaaped,  and 

c:en  to  the  smith's  shop  as  often  as  is  necessary  to  be  cut 

lengthening  l»y  welded  additions. 

yon  have  but  one  smith  or  forge,  the  rods  may  be  easily 

rt    much  more  safely  welded,  by  building  the  forge  and 

f^nl  exactly  in  line  with  the  door  of  the  house,  and  knock- 

n  Iiol©  in  the  same  line  through  the  wall  at  the  other  side 

the  forge;  the  rods  being  first  shaped  so  that  the  one  may 

IfiiA  the  other,  are  placed  on  suitable  horses,  or  held  in 

>I>er  line  by  men,  imtil  they  are  at  a  welding  heat,  when 

are  driven  to  close  adhesion  by  a  battering  ram,  and 
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then  promptly  withdrawn  in  the  same  true  line  to  the  anvil, 
for  being  further  hanimerecl,  to  close  down  the  points  of  the 
V  scarf,  and  to  reduce  the  rod  to  pmper  size  and  shape.  For 
rods  above  two  inches  in  diameter,  it  ie  the  safer  and  eggier 
way,  even  in  the  hands  of  good  blacksmiths,  and  much  more 
so  with  an  indiflercnt  workman;  in  fact,  a  mere  novice  may 
unite  bars  of  iron  in  this  mannerj  if  he  will  remember  to 
finii^h  the  operation  on  the  anvil  a8  directed,  and  to  repeal 
the  heating,  if  necessary  to  do  so. 

To  obtain  good  and  reliable  unio7i  of  iron^  the  fire  should  be  free 
from  leadj  antimoni/^  sulphur^  etc,^  the  iron  be  at  the  proper  tem- 
perature j  and  the  faces  to  be  umted  should  slide  the  one  on  and  into 
the  other y  as  if  being  hieaded  into  perfect  intimacy^  similar  to  pittty^^ 
or  flour  ami  dough  in  bread^rnaking. 

''Butt "-joints  that  are  not  thus  worked  are  unreliable. 

This  pumping  part  being  now  ready  for  the  engine,  you 
may  iix  the  rails  in  the  hoisting  end  in  the  manner  shown  by 
Cut  39,  which  shows  the  general  positions  of  the  hoisting 
rails  with  their  transverse  supports,  as  well  as  those  of  the 
pumping  part  of  the  shaft,  as  seen  when  looking  down  the 
shaft. 

It  also  shows,  at  the  corners,  by  dotted  lines,  the  mau- 
ner  of  cutting  and  double-shouldering  of  the  shaft  timber,^ 
80  that  they  may  abut  more  fii'oily  both  ways,  lor  great 
strength  and  stabiUty,  which  provides  suitable  rest  as  well  oif  en 
and  side  abutments^  to  resist  both  end  pressure  and  tortion. 

After  all  this  work  has  been  linished  downi  to  the  water^ 
level,  the  chi|>B  of  wotxl  should  be  carefully  taken  out  of  th« 
water  and  sent  to  the  surface,  so  that  they  may  not  chip  the 
clack-valve,  and  destroy  the  proper  action  of  the  pomp,  when 
the  water  has  been  drained  to  the  depth  of  the  suction-hoies. 

All  being  now  ready  in  the  shaft,  the  pumping  engine  maj 
be  set  to  work  in  the  manner  described  at  page  379,  not  foi^ 
getting  to  Imdle  the  opening  of  the  top  handle  with  a  saita- 
lily  long  rope  irom  above,  bo  that  the  engine  may  be  pre- 
vented from  running  out  too  fast.  If  the  engine  is  so  heav 
in  the  house  that  the  present  attachments  in  the  shaft  ar 
insufficient  to  bring  her  away,  a  pump  (water-pipe)  may  be^ 
lowered  on  to  the  top  of  the  shaft-catch,  or  attached  securely 
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to  any  other  part  of  the  main  pumping  rod,  and  be  filled 
with  iron  or  other  material,  if  necessary  to  do  so,  which  may 
be  again  regulated  at  pleasure  by  throwing  counteracting 
stones  into  the  balance-box. 

Provided  the  shaft-end  has  an  excess  of  weight,  and  this 
top  equilibrium  valve  is  thus  bridled,  you  will  find  little 
trouble  in  starting  the  engine,  if  you  pay  sufficient  attention 
to  the  governor,  steam,  and  exhaust  valves'  handles,  and  the 
balance-box  may  be  used  when  you  have  leisure  to  watch  the 
top  handle  for  its  separate  regulation. 

A  practiced  worker  will  require  no  such  precautions  at  any 
time;  for  he  will  watch  and  control  every  movement  with 
the  greatest  nonchcdance^  according  to  the  requirements  of 
each  case,  with  surprising  precision. 

The  engine  should  be  worked  in  a  steady  manner,  at  nearly 
fill!  speed,  stopping  for  just  a  second  between  strokes,  tor  the 
valves  to  close  more  easily  than  they  would  do  if  the  engine 
worked  at  the  full  speed  of  ten  or  twelve  strokes  per  minute, 
by  quick  or  slow  downward  travel,  as  varied  by  more  or  less 
balance. 

The  engine  is  said  to  be  "working  off"  when  no  stop  is 
made  between  strokes. 

Ten  strokes  per  minute  is  a  good  working-off  speed ;  seven 
and  a  half  strokes  are  safe  for  pit- work,  and  economical  for 
steam;  whilst  twelve  are  used  but  when  urgent  expediency 
are  necessary.  This  variation  of  speed  may  be  managed 
entirely  by  the  balance -box,  which  governs  the  faster  or 
slower  downward  travel  of  the  pumping  rod;  whilst  the 
speed  of  its  elevation  by  expansive  steam  will  be  the  same. 

Thus,  two  seconds  for  ascending  and  three  for  descending  will 
equal  five  seconds  for  each  stroke,  or  twelve  strokes  per  min- 
ute; and  two  and  four  \v\\\  equal  six  for  each,  and  ten  of  such 
per  minute;  and,  again,  tvvo  and  six  will  equal  eight  for  each, 
and  seven  and  a  half  pei*  minute.  When  safety  is  more  to 
be  desired  than  the  very  utmost  economy  and  speed,  it  is 
better  to  occupy  more  time  by  using  the  nteam  at  less  expan- 
sion, as  three  and  five,  which  also  equals  eight,  for  seven  and 
a  half  strokes  per  minute. 

The  pump  is  now  dropped  as  the  water  is  extracted, "until 
the  working  barrel  and  accommodation  chain,  or  perforated 
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plate  described,  have  descended  as  far  as  practicable,  when 
anotlier  pipe  can  be  put  on  the  top  of  tlie  pump,  and  the 
pump  rod  can  be  lengthened  as  described  and  necessary. 

It  will  he  found  very  convenient,  in  such  cases,  to  keep  a 
Buitahle  ehi?5p  or  nipjier  for  tlie  bucket  rod,  screwed  or  hiugefl 
to  one  of  the  pipe's  holtdioles,  so  that  the  two  ioiufs-Uke  parts 
may  grip  the  rod  w^hen  necessary,  by  being  screwed  trans- 
versely together  b}^  a  bolt  tliat  passes  through  both  parts  at 
the  other  side  of  the  pump*s  flange.  Tliey  may  be  either 
passed  aside  on  the  swivel  when  not  tims  required,  ormaj 
be  allowed  to  serve  as  a  central  guide  for  the  bucket  n 
during  its  actual  work  of  ]uifn]>ing. 

Whilst  these  operations  are  being  repeated,  for  ridding  the 
shaft  of  water  to  its  very  bottom,  the  spare  hands  may  assist 
the  carpenter  and  tinibernian  to  complete  the  hoisting  gear; 
its  shaft  derrick  bearei^  for  the  large  twelve  feet  pulley, 
wJiich  should  have  light  wrought-iron  arms;  the  four  vertical 
and  diagonal  rails,  and  the  pulleys  that  must  work  on  a  bar 
at  the  bottom  of  the  perpendicular,  to  guide  and  transfer  the 
wire  rope,  hemp  rope,  or  ehainj  around  the  corner  to  the  line  i 
of  the  inclined  shaft,  fl 

Jff"  it  is  inimded  that  ike  mm  will  be  some  day  eletnted  to  tk 
>lTface  in  these  skips  or  cars^  they  should  be  attached  to  the  ro^ 
the  safdjj  prmdple^  which  is  simply  arranged  hy  att/jehmy  f 
rope  to  a  suitubly  strony  tnrjisverse  spring^  to  which  is  also  attad 
approjniafe  catches,  tfuft  will  grip  the  rail  very  securely,  ichen  t 
strain  is  removed^  which^  in  working,  is  its  own  weight :  so  that 
breaking  of  the  rope  will  occasion  this  instantaneous  action  ft 
gripping  the  rail  and  arresting  the  car. 

Tt  is  the  more  convenient  mode  to  allow  this  car  but  fe 
approaeh  the  bottom  of  the  shaft,  to  be  filled  trom  tlie  Ic 
ermost  plat,  or  hand-tackle  brace,  as  may  be  more  couveuie 
for  lodging  and  re-filling  the  rock.  ' 

A  strong  "pentice"  should  be  next  fixed  in  sloping  posin 
tion  just  over  tlie  one  end  of  the  shaft,  to  screen  the  workme^| 
from  falling  matters,  which  bad  better  be  bolted  together  in 
a  more  portable  form,  in  one  or  more  parts,  with  an  iron  e^ 
near  tbu  top,  for  the  lashing  to  pass  into,  dariag  transferreu' 
to  lower  positions,  as  the  shaft  is  deepened. 
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By  this  time,  the  pump  will  be  "tn  fork^''  which  means 
that  it  sucks  air^  and  should  be  attended  by  the  shaftmen, 
to  see  that  no  chips  enter  the  holes,  and  to  drive  previously 
prepared  wood  pins  into  the  upper  rows  of  holes,  so  that  the 
water  may  be  drained  down  to  a  lower  level,  which  pinning 
is  again  repeated  until  the  bottom  row  of  holes  alone  remain 
open,  and  the  water  is  sufficiently  low  for  working  purposes. 

The  '^ lift  of  pumps''  should  now  be  swayed  into  the  best 
position  for  sinking,  and  properly  staj  ed  for  greater  facility 
and  safety  during  the  dropping  of  the  pumps  for  sinking  the 
shaft. 

The  ladders  are  also  put  into  convenient  but  temporary 
places,  down  to  within  some  twenty  feet  of  the  bottom; 
and  an  iron  chain  ladder  is  suspended  from  this  to  the  bot- 
tom, for  withstanding  the  rocks  that  will  be  hurled  against  it 
by  the  powder  during  blasting.  The  shaft  may  be  put  in 
general  good  order,  in  all  really  essential  matters;  but  that 
little  place  called  "Hull,'*  sometimes  frequented  by  the  '^last 
core  by  night  men^''  must  be  dispensed  with;  for  our  favorite 
mottoes  have  been,  and  must  still  be,  that — 

Persistent  expediency  and  consistent  economy  are  the  more  sur- 
passing powers  that  overcome  the  heavier  recurring  costs  of  wet 
mines^  and  which  will  lead  the  way  to  success  oftener  than  all  other 
means. 

Commensurate  wages  for  work  performed:  good  mm  fairly 
paid;  bad  men  not  xoanted. 

Long  contracts^  from  price  in  sights  and  no  advantage  takeri^ 
neither  from  tlte  past  nor  for  the  future. 

Those  tcho  act  otherwise  rob  both  the  employer  and  the  employedy 
and  many  th^re  are  who  do  so  continually. 

In  such  mines,  the  miners'  pantaloons  are  mostly  worn  at 
their  seats,  for  all  arc  endeavoring  to  "Iny  to''  and  dodge  the 
captain,  whilst  he  is  making  fair  weather  at  head-quarters  by 
referring  to  his  regularity  of  low  wages. 

Shareholders  should  know  that  ground  is  most  irregular, 
and  that  the  best  agents  cannot  keep  the  contractors'  wage? 
at  certain  amounts,  if  contracts  are  set  in  good  faith  for 
advantageous  periods;  so  that  if  they  study  their  own  and  the 
mine's  interests,  the  agents  should  not  be  blamed  for  occa- 
sional high  wages,  thus  obtained  by  a  change  of  the  rock. 
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difficulties  are  thus  got  over, 


{ 
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The  preliminary  nieehan 
and  we  are  now  ie  a  poisitu:>n  to  tb( 
to  its  longest  and  deepest  sections. 

This  is  a  time  of  great  mental  eatisfaetion  to  the  super* 
visors,  and  the  custom  has  heen  to  make  it  jolly  for  the  men, 
hv  trivinor  them  a  substantial  dinner;  which  is  hoth  first  and 
last,  so  tluit  no  earthly  reason  can  be  assigned  for  the  discon^ 
tiimnnce  of  the  hosjiitablc  an<l  congenial  practice, 

I  am  not  going  to  tantalize  tlie  reader  by  enumerating  the 
viande  of  what  Americans  call  a  ** square  meal," 

It  has  been  stated  that  the  profitable  depth  is  supposed  to 
commence,  in  our  lode  or  vein,  at  or  about  three  hundred  ^ 
feet  under  the  adit  or  drainage  level ;    so  that  our  ntmort  ■ 
endeavors  must  be  directed  downwards,  to  attain  this  desira- 
ble depth  ns  soon  as  possible,  by  every  means  tliat  is  consist- 
ent both  for  speed  and  economy. 

Now  if  is  possible  to  sij}k  the  shaft  to  this  depth  by  but  two 
^Uirawinq''  or  *'^ suction**  pumps^  similar  (o  the  one  710W  in  the 
shajX  hut  with  an  improved  Imcket,  which  ttill  be  descrihed  in  its 
proper  phce.  These  suction  pumps  may  be  thru  ^fpa^sedtd  bi/ 
one  or  two  ^^'plmujer''  or  ^\force*'  pumps,  to  hoist  the  water  diher 
the  three  hundred  feet  at  once,  or  %  one  hundred  and  fifty  feet 
twice. 

To  do  this,  it  Avill  be  necessary  that  each  draught  pump 
shall  exceed  the  depth  of  one  hundred  and  fil^y  feet  some 
fifteen  feet,  or  he  able  to  pump  the  water  from  one  hundred 
and  sixty-five  feet  deep,  so  that  a  fair  chance  may  be  given 
for  fixing  the  cistern  and  castings  for  the  pumps  that  are  to 
follow  and  connect  therewitlj,  when  the  surplus  pipes  from 
the  former  are  moved  over  on  the  latter  pump;  so  tliat  they 
may  niutnally  elevate  the  water  through  their  reBpoctive 
parts  of  the  sliafl.  The  ordinary  bucket  valve  has  seldom 
been  used  for  more  than  ten,  and  never  for  the  actual  sinking 
of  more  than  twenty  fathoms  through  a  gravelU'  shaft ;  and 
much  difficulty  prevails  for  even  this. 

At  the  North  Pool  Mine,  Cornwall,  we  sunk  by  the 
improved  bucket  two  shafts  (the  one  nearly  perpendicular, 
and  the  other  inclining  about  55°  from  the  horizontal),  for 
twenty-seven  and  a  half  fathoms,  with  the  greatest  ease, 
without   the   least   sign  of  failure  of  the  pump;   and  tbe 
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opinion  was  that  fifty-two  anfl  n  lialf  fathoms  raight  have 
been  sunk  by  this  one  pump. 

The  action  of  this  double  concentric  valve  is  much  more  steady 
than  (he  single  valve;  for  whilst  the  former  are  ffuided^  the  one  by 
the  other^  perfectly  straight  through  the  ban*elj  the  latter  is  mast 
unsteady,  for  its  leather  receives  every  tremble  from  the  tody  and 
wears  at  least  four  tlrnes  as  fast  This  last  feature  was  most 
remarkable;  for ^  at  the  termination  of  the  sink\  the  buckets  loere 
stEH  sereieeable^  after  three  weeks'  run.  The  upper  bucket  appears 
to  receive  the  strain  and  do  the  hcatmrpart  of  the  trork^  irhilst  tfuit 
ai  the  bottom  merely  follows y  and  keeps  more  readily  water-tight, 

Ha\'ing  plenty  of  npper  rooni,  we  used  wood  bucket  rods 
(inetead  of  iron),  that  were  gtrapped  together  wlien  necessaiy 
to  leng-then  them  during  sinking;  and  by  keeping  the  head 
of  the  upper  rod  above  the  set-oft*  from  the  main  rod,  the 
bucket  rod  waa  dropped,  when  required,  in  the  eaj^iest  possi- 
ble manner,  by  first  screwing  on  yokes  where  it  should  stop, 
and  then  partially  unscrewing  its  main  attachment  staples. 

Wood  rubbing  pieces  were  placed  over  the  hea^Ls  and  auta 
where  the  bolts  secured  the  rods  together  in  the  jiipea. 

The  top  end  of  the  bucket  prong's  stem  terminated  with  a 
flat  iron  **  sword/'  which  had  some  five  or  six  holes,  through 
%vhich  the  bolts  passed  from  the  forked  end  of  the  wood  rod, 
for  strong  connection  thereto. 

In  Jfuch  positions^  I  very  mmh  prefer  wood  to  iron,  for  they  are 
cheaper  and  more  rcUable^  and  can  be  applied  with  much  less 
ironhte;  whilst  they  float  instead  of  sink  in  water^  and  their  extra 
size  causes  an  almost  continuous^  instead  of  intermittent^  stream 
from  the  *^  collar  launder.*' 

The  accompanying  illustratiou  (Cut  40)  shows,  first,  the 
impi'oved  double- valved  buckets  and  prong;    then  the  old 

» bucket  prong,  its  connecting  clasp,  and  its  single  backet,  as 
well  as  both  their  stems,  as  connected  to  wood  or  iron  rods. 
ItThese  buckets  are  geared  in  un  easy  yet  sulistaiitial  nmn- 
Rr,  by  two  folds  of  leather,  wliich  are  cnt  to  tlie  right  shape 
by  a  pattern,  and  enclosed  by  the  adjoining  ring  being  driven 
up  over  them  (as  shown  by  Cut  40),  firmly  keyed  from 
beneath,  and  thickly  nailed  around  the  margin  by  two  or 
three  rows  of  Hat-Iieaded  gearing  nails. 
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The  leather  ahoultl  not  stxind  more  than  an  inch  ubuve 
enelo.sing  iron  ring;  and  if  the  hoop  is  w^^H   flft^-.l    tlini-. 
fouitlis  of  au  inch  will  be  better, 

Next  under  this  is  shown  the  ordinary  plain  clack  valve,  j 
wlien   closed;   then  the   more   favored  hinfie-rismffy  water- 
clearance  clack,  when  open;  and,  lastly,  the  double  wiiigl 
"butterfly'*  clack,  which  is  very  useful  for  large  pumps. 


Cut  40. 


Having  decided  on  sinking  the  shaft  by  the  itiipravc 
double  bucket  to  thiB  depth  of  one  hundred  and  nutj-li^ 
feet,  your  next  duty  is  to  cditain  an  efficient  i*    ' 

men»  which  is  Ijy  no  meauB  an  easy  matt«>r,  ev 
for  thiH  department  requires  nut  only  much  ex]»oii 
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mixture  of  good  comman  sense  with  superior  and  especial 

-   mechanical  talent. 

P  The  skilled  pilot,  and  trusty,  weather-proof  sailor,  are  not 
more  valuable  on  the  treacherous,  foamy  shore»  than  are  such 
miners  for  engine  shafts. 

There  is  vastly  more  required  here  than  the  mere  use  of  the 
pick  and  gad,  and  the  drilling  and  blasting  of  holes,  which 
may  be  learned  in  a  comparatively  short  time. 

The  good  shaftman  is,  amongst  men,  like  the  beaver 
amongst  animals:  intelligent,  and  somewhat  amphibious; 
and  it  would  be  just  fis  consistont  to  put  rabbits  in  beaver- 
banks,  as  to  put  mountain  miners  in  wet  mines. 

Here  the  superior  Cornishman  is  at  Iiis  play,  and  surpasses 
all  others;  he  is  theret'ore  more  necessarily  required  in  this 
than  in  any  other  department  of  mining. 

As  a  rule,  the  whole  mine  awaits  the  deepening  of  the 
ighaft;  and  as  so  much  depends  upon  it,  the  price  of  such 
skilled  labor  should  not  lie  estimated  in  a  niggardly  manner, 
nor  too  much  contracted  by  the  number  of  men  and  length 
Qf  their  working  hours;  for  the  coat  of  each  loot  or  fathom 
is  not  governed  by  the  simple  amount  of  money  the  men  will 
receive  at  the  end  of  the  month,  but  by  this  amount  added 
to  all  of  the  necessary  costs  for  working  the  machinery, 
agencies,  etc.,  etc.,  with  the  loss  that  may  be  occasioned  by 

jCh  delay  to  the  mine;    and,   consequently,  it  frequently 

pens  that  it  is  better  fur  the  mine  to  give  much  more 

than  the  ground  is  really  worth,  if  it  leads  on  the  men  to 

extra   exertions  for  a  greater  number  of  feet  durmg   the 

month. 

I  have,  under  these  conditions,  set  the  contract  in  such  a 
manner  that  the  last  numbers  of  teet  should  obtain  a  greater 
price  than  the  fii^t. 

For  example,  if  the  least  number  suok  during  a  month 
would  be  ten  feet,  the  price,  up  to  ten,  should  be  say  $20  per 
foot;  exceeding  this,  to  eleven  fcet^  the  extra  depth  should 
be  at  ?21;  the  next  additional  foot  should  be  $23;  the  next, 
$26;  and  the  next  $30:  so  that  the  men  should  ho  thus 
encouraged  to  greater  exeitions  than  by  any  other  means, 
and  the  mine  be  greatly  advanced. 

So,  also,  is  it  frequently  advisable  to  have  the  men  working 
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by  four  instead  of  three  shifts,  so  that  they  may  keep 
ing  all  the  time. 

In  some  casee,  two  good  men  and  one  strong  boy  may 
compose  each  corps;  at  others,  two  good  men,  one  ordinary 
man,  and  one  strong  boy  may  be  better;  l>nt,  in  all  cases,  the 
two  experienced  men  should  be  employed,  for  the  one  may 
be  ill,  or  may  not  arrive  to  his  duty,  when  consequent  hin- 
drances would  occur. 

There  is  in  all  cases  a  necessity  for  keeping  two  sledges  or 
mallets  on  the  drill;  whilst  the  strong,  lively  boy  may  do 
many  things  better  than  men,  as  running  errands,  and  filling 
the  kibbles  or  buckets. 

Your  shaftj  being  thus  manned  and  contracted  for,  should 
be  sunk  as  speedily  as  possible,  and  every  focility  should  be 
aftV>rded  the  men  for  doing  so. 

Beyond  the  toola  and  materials  that  are  required  for  drill- 
ing  and  blasting  of  tunnels  and  dry  shafts,  a  small  pump,  a 
claying  iron,  and  some  one  of  the  water-tight  cartridges,  will 
be  required,  as  well  as  a  little  tallow,  and  some  adhesive  clay. 

The  suction  pumji  may  be  made  by  fitting  a  suitable  stick, 

wrapped  with  twine  or  rag,  into  an  old  gun-barrel,  to  suck 

the  water  out  of  suck  holes  as  can  be  fired  without  a  cartridge, 

by  putting  a  circular  dam  of  clay  around  the  mouth  of  the 

[hole,  to  keep  the  water  back, 

The  claying  Iron  is  made  of  wrought-iron,  which  is  slightly 
tapered,  for  a  length  that  equals  your  deepest  holes,  to  suit 
the  top  of  the  hole  loosely;  above  this,  it  must  be  squared 
and  stamped  like  a  sledge,  which  serves  for  both  driving  and 
withdrawal,  atterthe  hole  in  the  rock  is  first  filled  with  clay; 
by  hammering  it  down  therein,  it  fills  the  fissures  around  the 
hole,  and  keeps  the  water  back,  after  the  claying  iron  is  with- 
drawn, by  the  insertion  of  a  drill  or  other  bar  in  its  trans- 
verse hole. 


4 


For  Requlating  the  Speed  of  the  Engine — So  that  the 
water  may  be  kept  at  the  desired  height  in  the  liottoni  of  the 
shaft  during  sinking,  I  have  used  a  short  pendulum,  which, 
being  suspended  against  the  wall,  near  the  engine  driver,  he 
can  most  readily  know  the  exact  speed  that  is  required  for 
all  recurring  purposes. 
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For  example,  we  will  suppose  that  the  pendalam  is  six 
inches  long,  and  that  you  take  it  in  your  hand  and  hold  it  at 
ike  am  end  of  its  stroke,  so  as  to  release  it  exactly  at  the 
moment  the  engine  commences  to  make  its  stroke ;  when,  by 
counting  the  number  of  vibrations  made  by  the  pendulum^ 
daring  the  time  the  engine  makes  the  sirokcj  you  will,  by 
recording  it  on  a  slatCj  know,  and  be  able  to  bring  the  engine  to, 
exactly  the  same  speed  for  future  similar  purposes,  as  gov- 
erned, from  time  to  time,  by  the  shaftmen's  knock,  etc. 

This  is  as  readily  mxide  as  it  is  easily  used;  it  is  remarkably 
effective  and  serviceable^  for  suiting  the  various  requirements  of  the 
shaftmen;  whilst  its  delicate  action  detects  the  slightest  inci^ease  of 
wateTy  during  the  deepening  of  the  mine. 

It  will  be  unnecessary  to  minutely  describe  all  of  the 
various  details  of  shaft-sinking;  but,  of  course,  such  things 
as  the  difterent  shifts  of  ground,  as  joints,  favorable  faces, 
clay  seams,  or  soft  streaks,  must  be  closely  watched  by 
the  men,  for  making  better  speed;  and  by  the  agents,  for 
bettor  estimation  of  the  future  price  of  the  ground.  Good 
powder,  and  reliable  safety  fuse  (the  double  and  triple-taped), 
strong  water-tight  cartridges,  which  may  be  made  by  the 
men  at  the  time,  from  strong  brown  paper,  folded  over  a  suit- 
able stick  to  suit  the  size  of  the  hole,  and  greased  to  prevent 
the  water  from  entering  between  the  seams  to  the  enclosed 
powder.* 

These  cartridges  had  much  better  be  made  by  an  especial 
hand,  at  the  surface,  of  the  several  sizes,  and  be  first  pasted 
with  flour,  then  dried,  and  supplied  to  the  men  when  neces- 
sary, like  all  other  materials;  or  they  may  be  still  better 
made  of  thin  tin,  contracted  sufficiently  at  the  neck,  for 
the  better  wrapping  of  the  fuse. 

The  extra  cost  of  such  is  trifling,  or  perhaps  nothing,  when 
comprehensively  considered,  for  the  whole  of  the  powder  is 

*  The  present  well  known  Bickford's  safety  fuse  is  but  of  comparatively 
recent  invention ;  but  many  lives  have  been  saved,  and  much  more  work  per- 
formed, since  its  invention  and  introduction  in  Cornwall.  Previous  to  this 
time,  rushes,  and  quills  (the  one  in  the  other)  were  filled  with  powder  for  this 
purpose ;  or  a  steel  spike  was  rammed  up  with  the  tamping,  and  then  with- 
drawn, 80  that  the  space  it  occupied  might  be  filled  with  powder,  to  cause  the 
exploBion  of  the  mass  when  ignited. 
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dry  and  undcteriorated;  so  that  the  utmost  effect  and  cer- 
taiiitv  is  secured,  with  less  Iosh  of  time,  limbs,  or  lives.  But 
wete  it  not  thus  so,  it  ia  contemptibly  *"'iuirro\v-gauged'* 
economy  to  recklessly  hazaM  the  more  numerous  delays  and 
accident?^  that  would  othenvise  prcvaiL 

It  sometimes  happens,  in  very  hard  shafts,  that  no  such 
peliefe  from  joints,  etc.,  as  alluded  to,  can  he  taken  advantage 
of,  SiS  the  rock  is  homogeneous,  and  tremendouj^ly  tough  and 
hard;  so  much  so,  that  even  in  Cornwall,  with  its  cheap 
labor,  £100  per  fathom  was  but  insufficient  price  for  the 
ground,  and  very  slow  progress  can  be  made. 

In  such  cases^  I  imagine  ifiat  the  Jirmg  of  a  series  of  holes  bjf 
the  electric  sparky  at  the  same  exact  insta^U,  would  so  msist  each 
otker^  that  an  artificial  crack  miifhi  be  therehy  madc^  for  the  whok 
length  of  the  shaft;  whilst  two  or  three  holes  imghi  also  assist  each 
other^  for  portiom  thct*eof  and  produce  a  much  better  colkctivt 
result  than  an}/  series  of  sejxiraiely  fired  consecutive  holes. 

This  has  not  yet  been  tried  m  hard  shafts. 

For  &uch  positions,  any  powder  that  may  possess  raueh 
greater  Btrength  will  be  invaluable  to  the  miner. 

The  '^ Giant"  powder  is  said  to  have  thin  desideratum;  it 
is  ceiiiiinly  mueli  more  etiective  in  open  cuts,  and  in  quarries; 
but  I  have  not  seen  it  used  in  mines.  If  it  has  no  objection- 
able property,  such  as  more  obnoxious  gases,  it  must  be  very 
exteosively  used  for  general  mining  purposes.  Its  strength 
is  so  much  greater,  that  smaller  holes  have  to  be  drilled  for 
its  reception,  which  brings  into  use  the  single -hand  drilling 
hammer,  instead  of  the  doubie-hand  sledge;  which  is,  in 
itself,  an  advantage,  more  particularly  to  a  new  country,  as 
one  man  drills,  instead  of  two,  who  requires  less  air  for 
breathiug,  less  materials,  and  lastly,  but  not  least,  less 
instruction  and  practice,  for  becoming  an  expert  hand. 

The  greatest  care  should  be  taken  in  tamping  holes,  aa 
accidents  are  by  fiir  too  frequent. 

The  powder  should  be  firrft  gently  rammed  down  with  a 
ramming  stick;  then  add  the  tamping,  little  and  little,  which 
should  contain  no  iiinty  matter  that  w'ould  strike  fire;  using 
a  copper  bolt  rammer  first,  then  finishing  by  iron^  if  nee  «  ' 
eary  to  do  so. 
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i^m>!)able  that  these  preraatiire  explosions  arise  froiii 
pne  of  two  oiiiises;  tirdt,  by  the  striking  of  sparks  of  fire  by 
lie  iron  tamping  bar  from  the  tampiug,  or  the  sides  of  the 
jiolej  and,  secondly,  by  compression  of  air,  either  in  the 
lDter>?tiee^  of  the  powder,  or  under  the  excessive  quaniitrj  of 
ifnpin^,  which  hardens  to  fill  the  hole  at  the  iop^  whilst  the 
underlying  air  is  bo  suddenly  compressed  by  the  blow,  that  its 
^^iknt  htat  becomes  suiliciently  scnsUde  to  ignite  the  powder* 
^m  We  will  suppose  that  the  shaft  had  been,  in  this  meantime, 
^Kontiniied  in  the  manner  described  to  the  depth  of  one  huu- 
HSred  and  fifty  feet,  %vhere  either  a  permanent  plunger  pump 
Hpn^t  be  fixed,  or  another  temporary  bucket  pump;  so  that, 
^pn  either  case,  ground  must  be  excavated  for  the  cistemj 
which  can  be  done  cheaper  by  carrying  the  whole  down  to 
he  proper  level  together,  in  similar  position  in  the  shafts  and 
similar  manner  to  that  for  the  house  plunger  pump  above; 
srbeti,  after  the  shaft  is  sunk  to  one  hundred  and  sixty-live 
jfeet,  the  cistern  may  be  placed  tlierein, 
111  this  case,  it  shall  be  a  plunger  pump. 
The  angle  beam  must  be  now  fixed  in  its  working  position, 
It  hatf-j^trokej  the  main  rod  connected  therewith  trom  above, 
then  continued  down  the  shaft  to  within  a  safe  distance  of  the 
bottom,  and  stayed  similar  to  that  in  the  upper  part  of  the 
shaft. 

Rollers  must  be  now  fixed  to  support  and  carry  the  rod 

Ihrough  the  stroke,  which  should  be  straight  acrossj  and  be 

ibout  two  feet  in  diameter,  and  an  inch  wider  than  the  rod. 

"Tlie  thin  wearing  pieces,  of  some  strong,  hard  woody  may  be 

secured  to  the  rod  by  staples  or  nails. 

Three  angle-turners  are  shown  by  Cut  41.     The  first,  or 

the  bell-erank,  is  the  best;  Init  hard  ground  sometimes  com- 

j^els  you  to  substitute  the  double  railway  of  the  second;  or 

ie  third,  which  I  devised  and  applied  very  successfully  at 

Jj6  Nortli  F*ool  Mine,  Comwall, 

It  will  be  seen  that  this  performs  the  work  by  ojie  railw^ty 
lach  better^  for  the  ant/le  is  also  divided  into  halves. 

fhe  lop  of  the  pole -stock  is  tapered  to  a  wedge,  which 
5nr  >  the  vibration  of  the  rod,  and  works  admirably. 

li  liottomed  suction  pipe  lor  this  permanent  force 

imp  can  be  next  lowered  into  the  cistern,  and  the  H  piece 
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be  placed  thereon^  and  jointed  in  the  usnal  mnnner,  by  tlie 
aid  of  thin  wrought-irou  rings,  that  ure  lappecl  bj  ribbons  of 
common  coai'se  flannel,  that  have  been  dipped  in  a  dilated 
mixtnre  of  coal  tar;  upon  this  the  upper  elaek-box  is  again 
jointed,  and  the  pole -case,  with  its  stuffing  box,  is  also 
Bcrewed  on  over  the  other  end  of  the  H  j»ieee ;  tlie  wood- 
stocked  pole  ig  then  placed  iu  the  pole-case,  and  lined  to  true 
working  position  under  the  main  rod,  as  fur  riie  hoiK*e  j 
plunger;  and  a  parallel  tiller  made  to  go  Ijctween  the  toi  1 
and  poles  stock.  The  whole  is  then  securely  stayed  side- 
ways, and  tailored  up  under,  no  tliat  it  may  keep  in  correct 
Hue  to  its*  work,  when  it  is  ready  lor  receiving  its  valves,  tW 
packing  of  the  staffing  box,  and  for  being  closed  op  for  work. 
after  the  column  of  pipes  has  been  reared  to  discharge  into 
the  drainage  level  citatern. 

The  force  pump  pole  should  be  attached  to  the  main  rod  6y  i'^ 
ptfi7ianent  staples^  and  tried  for  pumpimj  propcrlif  in  tine^  €k*% 
before  the  column  of  pipes  from  the  draught  pump  are  trrn''''  -  / 
over  from  that  pump  to  this;  ami  a  laorldng  barrel,  of  h 
^ze  as.  thai  of  the  shaft  pump,  should  be  attached  to  thejian^^ik 
upper  dark,  to  serve  for  a  draught  pump,  if  (he  valves  of  ikefmt 
pump  should  be  disabkd,  and  the  water  arise  above  these  doors. 

A  transverse  bar  mai/  be  also  inserted  across  the  joini^  so  that  ii 
drop  clack  mf*i/  be  used  as  before  described  for  the  drawing  lift;  and 
thus  the  pump  will  be  doublg  secured  tu/ainM  irrecoverable  los4. 

An  air-cock  will  be  also  found  very  useful  in  the  pole^c^ise^  «* 
by  opening  it  during  the  down  stroke^  and  shutting  it  daring  ik' 
up-strokc^  the  air  is  thereby  so  much  expdlal  thai  the  pump  obtaift^ 
its  wakr  uyith  much  promptness,  even  at  times  whetiy 
mlvesy  it  would  allgeiher  fail  to  d»  so  without  it. 

The  bucket  and  rod  most  be  hoisted  out  from  th^ 
pump,  and  its  upper  pipes  transferred  over  to  form  the  columa 
to  the  pluugerpump;  whilst  the  new  and  low^ered  head  of 
the  shaft  pump  may  have  its  leather  or  canvas  bag  trausterreJ 
to,  and  secured  for  discharging  the  bottom  water  into,  the 
the  new  pole's  cistern,  whilst  the  latter  discharges  its  water 
into  the  house  lift's  cistern. 

The  same  set-otf  being  lowered  and  attached  to  the  rtnlftt 
suitable  height  above  the  head  of  the  bottom  pump,  it  i^ 
again  ready  for  pumping. 
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If  another  bucket  lift  bad  been  applied  in-jtc  ul  of  thi:? 
pliniiCer,  it  rtbouM  have  been  fixed  where  the  phiiiicer  i:*,  iu 
e^imilar  matiiier  to  the  other,  excepting  that  the  set  off,  an  1 
its  connectionin  for  working,  would  have  been  on  tlie  otlier 
aide  of  the  rod. 

The  shaft  mint  be  now  sunk  iv^  fast  a-i  posi^ible  t*  the  t-iree 
hundred  feet  level;  and,  to  do  j^o,  the  driwing  lift  will  hut 
repeat  what  ha,s  been  deserihefb  to  uttnin  the  same  de]»t!i  of 
one  hundred  and  sixty-tive  feet,  for  tlie  iixinir  nTintht:^  pole  \\t 

Cut  41. 


the  three  hnndrod  feet  level,  where  the  <pmntity  of  wntcr  wiil 
be  more  aeeurately  known,  and  the  size  of  the  pule  may  be 
reguhited  accordingly.  So^  also,  can  this  pole  elevate  the 
water  the  whole  distanee  of  tlirce  Imndred  feet,  when  neces- 
sary to  do  so,  after  the  nhnfc  has  been  sunk  det^per,  and  the 
levels  have  been  extended  away  for  larger  and  safer  water 
spaces,  by  the  tranaferrence  of  the  upper  pipe?*  fo  the  lower 
plunger  pamp*H  cohmin.  If  this  three  hundred  feet  pole  is 
applied,  it  will  be  better  to  have  the  lower  puraps  malo 
29 
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thicker,  so  as  to  graduflllj  increase  from  those  of  the  upper 
half,  as  the  pressaro  becomes  more. 

Being  to  the  desired  depth  where  mineral  can  be  reasona- 
bly expected,  the  two  levels  must  be  driven  away  at  the 
height  for  tip  plates,  with  all  speed,  to  explore  the  ground: 
and  if  you  are  satisfied  with  your  mii>e,  as  demonstrated  by 
the  shaft,  as  soon  as  the  levels  are  clear  from  the  shafts  it 
must  he  again  sunk  in  the  same  manner  and  for  the  same 
depth  1X8  before,  of  one  hundred  and  sixty-five  feet  for  the 
one  hundred  and  fifty  feet  level. 

The  railroad  cars  may  be  next  brought  down  to  this  level, 
for  being  filled  from  the  tip  plats;  whilst  the  shaftmen  are 
protected,  as  before,  by  the  pentice.  Their  rock  is  uow  to  be 
hoisted  by  hand-tackle,  until  the  skip  may  be  more  advan- 
tageously brought  deeper.  The  sinking  of  the  shaft  should 
never  be  stopped  until  you  are  convinced  that  the  mine  is  too 
poor  in  depth  for  further  exploration  or  profitable  develop- 
ment. 


The  Liohtisu  of  Mikes,  Mills,  etc.  —  Has  had  less  atten- 
tion given  towards  its  improvement  than  any  other  depart- 
ment of  mining ;  for,  although  coal  gas  was  first  invented, 
and  introduced  into  Cornwall  immediately  after  its  invention* 
for  the  illumination  of  towns,  it  has  been  but  recently  used  in 
the  lighting  of  but  one  large  mine;  and,  being  found  too 
expensive  for  such  a  comparatively  trifling  purpose,  it  waa 
abandoned  in  favor  of  the  contemptible  candle. 

The  first  cost  of  works,  and  the  subsequent  recurring  run- 
ning costs,  of  coal  gas,  are  far  too  much  for  such  purposes^ 
and  prohibit  its  use. 

Fortunately  for  the  poor  miner,  who  has  been  too  loUj 
groping  his  way  in  "" darkness  made  visible"  by  the  flick 
ing  candle,  there  is  no%Y  at  hand,  in  Rand^s  valuable  patem 
invention  and  applications  for  producing  illuminating 
the  very  boon  and  desideratum  for  his  purpose.  1  have  be 
employed  by  this,  the  Pacific  Pneumatic  Gas  Company,  in^- 
various  examinations  relating  to  its  general  characteristicet- 
and  chemical  properties,  and  have  seen  numerous  testimo- 
nials from  others  who  have  used  it  iu  mills,  public  institu-- 
tions,  and  in  dwelling  houses;  and  am  pleased  to  be  iu  ^^ 
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position  to  recommend  it  to  my  fellow  mining  men,  for  all 

the  places  above  and  below  tbe  surface  of  mines,  etc.,  where 
from  ten  to  one  hundred  lights  are  required  for  the  illuoiina- 

>tion  of  fixed  positions^  such  as  ladder*ways,  tram-ways,  plats, 
levels,  pump  fixtures,  winzes,  etc.  Of  course,  the  candle 
may  be  used  in  the  sinking  of  shafts,  or  excavation  of  the 
ends  and  stopes,  as  before,  if  preferred.  This  gas  is  some- 
what heavier  than  air,,  and  can  be  used  in  the  deepest  mines 
without  trouble. 

It  commends  itself  to  your  notice  for  the  following  reasons. 
1.  The  first  cost  is  but  from  $200  to  $350  for  a  ten  light, 
and  from  $500  to  $1000  for  a  one  hundred  light  machine^ 
dependent  on  position,  etc. 

!  2,  The  gas  is  produced  by  merely  forcing  common  air 
through  gasoline,  as  performed  by  a  kind  of  clock  weight 
arrangement,  which  is  wound  up  by  ^fcw  minutes'  iDork  of  one 
man,  just  when  the  gas  is  required,  and  but  once  per  day  after- 
wards :  so  that  no  fires  or  retorts^  or  other  running  expenses, 
are  incurred. 

3.  The  light  is  even  superior  to  coal  gas, 

4.  The  products  of  combustion  are  of  a  more  pleasant 
smell,  and  less  injurious,  than  the  average  of  coal  gas, 

5.  The  cost  of  running  is  but  one  cent  each  light  per  hour. 

6.  The  gasoline  is  so  light  and  cheap  for  long  carriage. 

7.  The  whole  apparatus  is  so  simple,  safe,  and  efficient, 
that  it  cannot  well  get  out  of  order,  when  in  operation. 

I  8-  In  mining  for  gold  and  silver,  it  produces  no  grease  to 
interfere  with  amalgamation. 

As  these  kvels  arc  extended  from  the  shaft^  the  price  (f  groimd^ 
^  indicatiom^  and  value  of  the  lode^  should  be  chseli/  noted  in  a  book^ 
^and  an  a  section  of  the  workings  that  should  be  kept  for  that 
ie^edal  purpose;  the  former  recording  full  ffeneral  partieulars^ 
^  whilst  the  latter  shows  lo  (he  full  view  of  the  agents  and  stockhold- 
ers the  plain  or  secretbj  figured  prices  of  ground^  value  per  fathom 
orfooty  dip  of  ore^and  degree  of  congenialilg :  so  that  in  the  future 
realization  of  its  value ^  these  facts  shall  not  be  forgotten^  but  serve 
to  facilitate  the  profitable  extraction  of  the  mineraL 

To  work  deposits  of  ore  tfor  greatest  advantage  and  econ- 
omy, as  governed  by  distance  from  the  shaft  and  the  surface, 
ventilation,  dip,  etc.,  requires  much  study  and  calculation ; 
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and  the  reader  is  referred  back  to  Cuts  4,  5,  6,  and  7,  Section 
I,  at  pages  89,  90,  91,  92,  93,  and  94,  to  give  him  some  of  the 
more  important  ideas  as  to  the  very  important  matters  of  too 
frequent  levels,  remote  distances  of  the  deposits  from  the 
main  shaft,  dip,  advance  of  oblique  intersections,  etc. ;  and 
to  Cut  42,  from  an  actual  section,  for  too  many  levels  through 
hard  and  poor  ground,  and  improperly  placed  winzes,  aB  there 
palpably  exposed. 

There  is  a  (jreat  necessity  for  an  effieient  portable  power,  for 
superseding  the  ymmual  labor  thai  has  been  thus  far  used  for  hoist- 
iny  ike  rock^  and  sometimes  ike  tvaier  also^  from  the  bottoms  of 
shafts  and  winzes,  which  we  now  require  in  the  sinking  of  our 
shaft  under  the  present  railwai/'s  iermimis;  so  that  the  rock  maif 
be  hoisted,  not  only  from  the  greatest  depth  of  man's  present  wirut 
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tackle  power  {about  one  hundred  feet),  but  to  that  of  our  one  hun* 
dred  and  sixtyfiee  feet ;  or  under  a  greater  necessity^  as  for  proving 
(he  bottom  of  a  distant  wing^  as  at  (he  left  bottom  level  jring  of  Cut 
42,  or  sinimty  of  winzes  in  advance,  even  to  three  hundred  feet 
from  distant  level  to  level;  so  that  tokere  ore  is  found  remote 
from  shafts,  local  levels  mjay  be  driren  from  smh  winzes  through 
ike  ore  ground  only^  a^  commucntly  as  from  a  surface  shafts 
when  the  ore  may  be  trammed  back  to  the  maifi  shafty  for  elevatim 
to  the  surface.  The  quantity  of  mofiey  that  has  been  exj)ended  in 
driving  ienfathm  lerels,  for  want  of  smh  a  power,  is  cnonnouSj 
even  in  elieap  labor  eouniries. 
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I  have  devised  a  machine  for  tliis  purpose,  that  ausweri* 
every  requirement,  even  that  of  safety  for  hoisting  over 
men's  heads  (as  I  am  fully  aware  of  their  just  dislike  to 
steam  hoisting  from  such  places);  but,  as  I  have  just  taken 
steps  tor  securing  patent  rights,  it  will  be  injudicious  to 
explain  its  construction  at  present. 

The  actual  section  of  an  abafidoned  mine,  as  illustrated  by 
Cut  42,  will  serve  to  show  where  the  workers  were  desirous 
of  proving  an  interesting  part  of  the  left  wing  of  the  mine 
deeper;  bat,  having  no  greater  power  than  the  hand  windlass 
or  ** tackle,"  they  could  hut  sink  some  ten  fathoms;  and  sim- 
ilar cases  are  continually  occurring  in  mining,  where  such 
greater  facility  would  be  immensely  valuable* 

As  soon  as  the  shaft  is  four  hundred  and  fifty  feet  deep, 
two  other  levels  must  be  driven  in  a  similar  manner  to  the 
three  hundred  feet  levels;  and  when  a  sufficient  amount  of 
ore  has  been  discovered,  one  or  more  shafts  (''winzes")  must 
be  sunk  from  level  to  level,  for  convenience  of  working  the 
ore,  and  for  hetter  ventilation;  these  '* winzes**  should  be 
regular,  neither  too  close  to  the  shaft,  nor  to  each  other  (as  in 
Cut  42),  or  money  will  be  wasted;  for,  as  an  approximate 
rule,  it  costs  thrice  as  much  for  excavating  shafts,  and  twice 
aa  much  for  levels,  as  it  does  for  stoping  the  lode.  ! 

Should  you  require  increased  ventilation  for  the  engine 
shaft,  or  for  driving  the  levels  before  the  winzes  are  through, 
the  shatt  may  be  much  improved  by  the  close  tirabering  of 
the  division  between  the  engine  and  whim  shafts,  so  that  an 
ascending  current  may  traver.se  the  one,  whilst,  in  the  other, 
the  colder  air  is  allowed  to  descend;  the  level  may  be  easily 
ventilated  by  attaching  a  loug  inverted  cistern  to  the  main 
pumping  rod  of  the  engine,  to  work  in  another  somewhat 
larger  cistern,  tliat  must  bo  nearly  filled  with  water,  and  in 
the  middle  of  which  a  small  central  pipe,  that  passes  up 
through  itrt  bottom  and  the  water,  for  the  admission  of  the 
air,  as  the  upper  and  inner  box  is  elevated  by  the  engine  ;  an 
air-tight  valve  is  placed  over  the  top  end  of  this  small 
inhaling  pipe,  and  the  air  is  then  exhaled  through  another 
suitable  valve  and  pipe,  into  the  one  or  more  levels,  as  the 
engine  rod  descends. 

In  renioinnff  the  ore  from  the  veiny  natural  columns  should 
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be  allowed  to  remain  ae  safe  enpporting  margins  an  both 
sides  of  the  engine  shaft;  and  tlie  prioeipal  winxes  and  large 
excavations  should  have  occasional  arches  left  standing,  m 
nothing  is  so  safe  for  sustaining  the  ground  as  these  natural 
suppoi-ts.  The  poor  rock  should  be  also  tilled  into  the  vein*8 
space,  where  practicable,  as  it  eaves  hoisting,  timber,  etc.,  and 
is  stronger  and  more  enduring  than  timber. 

The  ends  should  be  driven  of  amjyh  height  and  breadth,  for 
obtaining  suitable  room,  ventilation,  and  tramming  facilities; 
the  full  cars  should  liave  a  slight  descending  grade,  and,  as 
pi*eviouBly  stated,  tip  into  the  shaft  plats. 

In  shpinff  the  rem,  several  modes  are  practised;  but  those  that 
can  be  wrought  above  the  level  are  more  convenient  and 
economical,  and  are  thus  executed — 

1.  Ditrdli/  overhead,  from  morabk  stages,  when  the  stuff  falis 
into  the  level,  for  conveyance  to  the  shaft,  and  to  the  sur&oe 
by  the  railways. 

2.  From  the  winzes,  horizontalhf  forward^  as  suitable  steps 
of  the  vein  favor,  when  the  stufl'  is  brought  to  the  winze  and 
dumped  directly  into  and  through  a  mill  (or  contracted  way) 
into  the  car  or  level  below. 

8.  Stoping  and  drivwg  the  ends  forward,  by  the  same  party 
of  men,  may  be  often  advantageous,  when  not  hurried  for 
returns;  for  the  bottom  of  the  level  being  properly  squared 
and  graded,  the  top  expense  for  squaring  raay  merge  into 
that  for  stoping,  by  forcing  the  bottom  forward  only  when 
required. 

4.  Undcr-sto-ping  is  onlg  resorted  to  for  forcing  the  mine's  pro- 
duce beyond  its  kgitimale  yields  to  help  the  costs  for  deeper 
development,  or  previous  to  abandonment  of  what  is  deemed 
worthless. 

However  the  ground  may  be  stoped,  great  care  and  judg- 
ment must  be  brought  to  bear  in  securing  the  vacated 
ground,  either  by  natural  pillars  or  arches,  by  replacing  the 
worthless  rock,  or  by  suitable  timber. 

The  above  depths  between  levels  are  intended  for  the 
improved  machine;  but,  otherwise,  from  sixty  to  seventy-five, 
or  at  most  one  hundred  feet,  must  be  adopted,  for  reasons 
stated  at  the  end  of  this  chapter. 
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The  Methods  of  Timbering  Shafts,  Levkls,  and  8topes  — 
Vary  so  much,  according  to  circumstances,  that  little  can  be 
said  that  will  serve  for  general  adoption;  but  the  following 
hintg  may  be  of  some  service. 

If  it  be  required  to  form  a  safe  horizouta!  footing  bearer 
(as  Figure  1,  Cut  43),  care  must  be  taken  that  the  hanging- 
wall  end  shall  be  sufficiently  recessed  in  lirm  rock  for  certain 
support,  that  it  jams  endways,  and  has  a  tightening  taper  on 
the  foot- wail 

If  head  timbers  are  required  for  supporting  the  fillings  of 
poor  rock  and  the  ground,  similar  precautions  must  be  taken* 
but,  as  a  much  grentcr  weiglit  has  to  he  withstood,  the  aniLjIe 
against  the  opposing  wall  should  he  still  greater  than  before, 
as  showu  at  the  toji  of  the  space  (Figure  1), 

Cut  43. 


If  the  one  side  of  the  level  lias  tirni  gruund,  wliilst  its 
'head  and  the  other  side  has  treacherous  ground,  it  nniy  be 
sustained  after  the  manner  of  Figure  2,  by  a  single  upright, 
head-piece,  and  side-shore. 

And  so  where  the  whole  surroundings  require  being  sup- 
ported, as  in  Figure  3,  which  explains  itself 

These  are  the  modes  for  ti  mite  ring  untie  r  ordinary  circum- 
^ stances,  which  are  moditied  to  suit  individual  cases;  but 
letimes,  in  stoping  very  large  and  rich  veins,  a  net-work 
of  bracing  titnhcrs  may  he  more  advantage<^usly  used,  which 
connect  with  each  other  by  a  kind  of  liorizontal  and  vertical 
frame -work,  somewhat  similar  tn  the  beams  and  posts  of  a 
three-de(*ked  war  vessel. 

So,  ton,  in  sinking  vc'ry  soft  shafts,  and  driving  levels 
through  decomi>oscd  or  decomposing  groniid,  which  will  nin 
together  if  not  immediately  secured,  the  side-planks  are  so 
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arniiiged  tluit  tliey  mny  be  sprung  und  driven  l»ehiiKl  and  in 
iiilviiiice  nf  the  I  list  frame,  until  another  frame  can  be  placet! 
to  i^upport  their  innermost  ends. 

For  intttnii:  luid  shoulderinir  tlie  timbers  to  the  necessary 
sfjiiare  and  bevel,  I  have  introdnced  to  workmeu  tbe  accoin- 
piiin  in^r  square  and  bevel,  which  are  great  comforts  in  use; 
for,  no  matter  liow  mncli  tbe  timbers  may  be  rounded  at  the 
corners,  thin  instrnmeiit  will,  by  lni_i2:ging  tlie  two  t^idea,  mark 
the  tiaiisverse  line  nuich  move  eanil y  and  correctly  than  anv 
ordinary  bifjuare  or  bevel  eati  pot*i^ibly  do. 

It  is  ma<le  two  feet  long  on  each  edge,  by  nailing  two  pieces^ 
i>f  j^traight  plank  together  at  right-angles  to  each  other, 
fsfpiared  at  the  one  end  for  shaft  timbers,  and  bevelled  at  the 
other  end  for  level  timber^,  and  which  may  be  divided  as  a 
common  rule;  holes  maybe  also  drilled  at  suitalib^  ili>hin<'e> 


Cnt  44. 


i 


back  fi*oin  the  end,  to  mark  where  the  sbonlders  are  t^o  be  cut,  ■ 
It  if*  ph<iwn  at  Cnt  44,  as  laid  over  u  ronnd  stick,  wbicli  it  will  ^ 
also  saddle,  and  nnirk  as  correctly ^  for  Ripuire  or  bevel  shotil- 
de  ring's. 


Double  and  Singlk  llAxt*  Drilling.  —  It  will  not  be  out 
of  place  in  this  |iail  of  our  w(irk  to  say  something  of  the  two 
svfttentB  of  drilling,  as  practised  in  different  districts  of  Coni- 
walb  The  donble-hand  method  is  generally  adopted  through- 
out Cornwall;  but,  in  the  w^CRtern  extremity  of  thi^  county, 
the  men  of  what  is  termed  tbe  St,  Jn&t  District  almost  inva- 
riably drill  single-handed. 

An  eastern  man  generallv  insiets  that  the  double-handed 
mallet  is  better  than  the  aitigle-lianded  hammer,  whilst  the 
western  man  as  stubliornly  favorB  the  single-lumd  hammer. 
The  fonoer  refpiires  two  men,  tbe  one  to  hold  and  turn  the 
drill,  whilst  the  other  uses  the  mallet  or  sledge;  the  latter, 


IfETALLURGIBTS'   COMPANION.  457 

one  man  turns  the  drill  in  the  one  hand,  and  hammers  it  with 
the  other,  and  hy  practice  is  enabled  to  change  the  works 
from  the  one  hand  to  the  other  at  pleasure. 

As  an  eastern  man,  I  have  had  opportunities  of  closely 
watching  both  modes,  and  would  express  my  opinion  with  as 
little  prejudice  as  possible. 

The  manager  who  has  not  learned  the  value  of  both  these 
methods  for  certain  places,  under  appropriate  conditions, 
wastes  money  in  breaking  ground;  for  whilst  the  mallet  and 
sledge,  with  large  holes,  are  incomparably  valuable  for  the 
more  speedy  sinking  of  wet  shafts  under  the  bloio^  the  hammer, 
with  smaller  holes,  is  equally  valuable  for  the  driving  of  levels, 
working  of  stopes,  and  rising  or  sinking  of  dry  winzes,  more 
particularly  in  small  lodes,  embedded  in  moderately  hard 
ground,  which  need  not  be  hurried  at  the  expense  of  economy. 
It  frequently  happens,  too,  in  the  same  end  or  level,  that 
once  in  awhile  the  larger  drill  may  be  advantageous;  t)r, 
where  the  larger  prevails,  the  smaller  may  be  used  occasion- 
ally.    So  in  shafts  the  ''jumper*'  is  good  for  both. 

In  looking  at  the  mere  matter  of  drilling,  you  should  not 
forget  other  comparative  advantages,  which  are  occasionally, 
as  stated,  somewhat  governed  by  the  necessity  for  expedi- 
ency. 

The  double-hand  system  requires — 

1.  Ample  room  for  two  men  to  use  the  longer  drill,  and 
more  clumsy,  long-handled  sledge  or  mallet. 

2.  These  holes  therefore  cannot  be  drilled  so  diagonally  for 
letter  advantage  in  blasting. 

3.  Air  for  two  men. 

4.  Wages  for  two  men. 

5.  More  stuft*  broken  and  hoisted,  for  the  larger  way. 

6.  Deep  holes  have  more  comparative  resistance  to  over- 
come, for  the  quantity  of  rock  broken  by  the  same  power. 

The  single-liund  system  requires — 

1.  Room  but  tor  one  man. 

2.  The  holes  can  be  drilled  by  either  hand,  just  where,  and 
sfts  obliquely,  as  he  desires. 

8.  Air  lor  one  man. 
4.  Wages  for  one  man. 
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5.  Much  less  tools,  materials,  and  timber. 

6.  Less  stufl  to  be  broken  and  hoisted,  which,  in  etoping 
small  veins,  is  very  much  less,  for  they  can  work  sideways 
into  very  narrow  space. 

7.  Small,  aballow  holes  have  less  resistance  to  overcome  in 
blasting  than  deeper  and  larger,  so  that  the  same  powder 
breaks  more  rock. 

8.  It  is  much  more  easily  learned,  whieh  is,  in  itself,  a 
great  advantage  in  new  countries. 

In  driving  and  stoping,  or  sinking  or  rising  dry  winzes,  in 
moderately  hard  ground,  I  am  folly  satisfied  that,  generallj 
speaking,  this  single*liand  has  an  advantage  of  some  twenty 
per  cent,  over  that  of  the  double-handed  system;  whilst,  for 
stoping  and  following  small  veins,  it  is  still  more  economical, 
as  no  side  country  rock  need  be  broken. 

In  fact,  no  double-handed  tool  is  used  {not  even  a  pick); 
for  in  the  one  hand  they  hold  the  picker,  or  variously  shaped 
steel  drills,  wedges,  and  chisels,  which  are  struck  by  the 
other  hand  with  a  shoil-handled  hammer;  so  that  all  these 
much  lighter  tools  may  be  carried  on  their  persons,  to  work 
into  the  otherwise  inaccessible  places. 

In  fact,  where  a  foil-sized  man  can  barely  enter,  they  caa 
work^  in  a  sideHng  manmr^  with  comparative  easej  and  such 
places  are  thus  made  to  yield  profits,  that  would  not  do 
if  side  ground  had  to  be  broken  to  make  room  for  frontini 
the  worky  by  the  doubfc-hand  mode. 


i 


Subterranean  Pumping  Beams — Are  sometimes  reqnir 
for  pumping  water  from  parallel  veins,  through  cross-cuts,  or 
to  prove  the  bottom  of  a  distant  wing  of  the  same  veinJH 
when  an  ordinary  right-angled  "belbcrank"  lever  is  attachetl" 
to  the  main  rod,  and  the  gudgeon  fijxed  at  the  top  of  the-j 
level,  so  that  the  "queen  post**  may,  by  hanging,  drme^  th 
water  during  Ike  up'Stroke  of  the  engine. 

Surface  beams  should  draw  by  a  *^ queen  post,**  uj   the 
same  manner,  wherever  practicable;  as  this  motion,  being- 
quicker,  draws  the  water  much  better,  and  does  not  int^rfer 
with  the  balance,  for  proper  speed  during  downward  travel. 
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Btin  pumping  rod  should  be  slightly  reduced  in 

under  each  succeeding  plunger;  and  on  attaining  a 

of  say  one  thousand  feet,  a  strong  balance  beam  should 

fixed,  BO  as  to  relievo  the  upper  rod's  strain  at  its  surface 

xneetton,  just  under  the  md  of  the  surface  balance  box, 

iich  may  be  thus  partially  discharged  of  its  cargo,  as  the 

bderground  box  is  being  filled.     Another  balance  beam 

(ly  be  fixed  at  the  two  thousand  feet  level,  for  similar 

:)na. 
In  very  hard  ground  shafts,  an  especial  plunger-pole  may 
attached,  which  should  have  sufficient  area  and  height  of 
iter -column  for  balancing.  Of  course,  no  valves  are 
juired  for  this  purpose. 
[It  unit  be  thus  seen  thai  the  rod  and  its  connections  are  too  heavy 
for  forcing  the  water  by  plunger'  poles  to  (he  surface^  and 
be  much  worse  by  haviiig  to  elevate  both  the  rod  and  the 
%ier^  by  draught  pumps^  during  the  upstroke. 
Tbii?  single  reason  is  all*3ufficient  for  demanding  the  use 
the  Cornish  pumping  engine,  which  really  does  the  work 
1  descending,  by  this  properly  balanced  rod. 
|Aj4  this  chapter  has  already  extended  over  more  pages  than 
anticipated,  and  as  deeper  developments  will  but  repeat 
trationsy  it  will  be  unaeeesaary  to  go  into  further  practical 
iil8  of  working  operations;  but,  before  closing,  I  may  say 
sit  the  depths  between  the  levels  are  just  suited  for  pit- 
^ork  mechanisms,  and  the  new  hoisting  machine  suggested 
iHintended  to  make  it  also  agreeable  to  both ;  but,  without 
H  hand  power  compels  you  to  keep  to,  at  most,  one  hundred 
iH&t  levels,  both  for  pumping  and  hoisting  purposes,  and 
l^khough  the  men  work  too  hard,  all  operations  are  cramped, 
^rbe  almost  universal  practice  of  Cornwall  has  been  but  ten 
thorns  between  levels,  although,  in  some  modern  instances, 
reive  fathom  distances  have  been  adopted,  by  forcing  men^s 
ascles  thus  much  further. 
yixk  ore  ground  sections,  remote  from  shafts  or  otherwise,  inter- 
levels  may  be  extended  from  the  machine  winze  through  the 
I  ground^  for  purposes  of  stoping  the  veiny  at  any  convenient  dis* 
tee;  but  the  cost  for  driving  through  long  distances  of  bar- 
ground  should  be  saved  at  all  times  and  places. 
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CHAPTER    VI, 


THB  CORNISH  CRUSHING,  STAMPING,  FLU  MING,  JIGGING,  BUDDLfKO,  | 
FRAMING,    AND    ROASTING    MACHINES. 


i 


The  Crushing  MACiiiNE.  — This  machine  is  made  but  alt*^r 
the  one  nioj^t  approved  pattern,  and  erected  in  the  following 
manner. 

A  strong  Iiouae  ii^i  bnilt,  of  about  twenty  feet  ^square,  wbich 
is  fitted  witli  bottom  and  top  floors ;  the  latter  lies  cu  the 
strong  beams  which  carry  the  crushing  gean 

Into  the  one  end  passes  the  driving  shaft,  that  is  worked 
by  water  or  a  steam  engine,  siicb  as  will  be  deseribed  under 
the  next  heading,  tor  stamping;  this  shaft,  which  passes 
through  tlje  house  on  the  upper  floor,  carries  a  large  pocketed 
vertical  wheel,  just  inside  the  first  wall,  for  elevating  the 
coarse  ore  that  may  require  erusliing  the  second  time. 

In  the  middle  of  the  bouse,  and  on  this  shaft,  a  thick  cast- 
iron  roller,  of  about  two  feet  long,  and  from  two  to  three  feet 
in  diameter,  is  firmly  keyed;  and  just  opposite  to  this, 
another  similar  roller  is  placed,  which  is  keyed  on  an  especial 
axle,  that  also  extends  to  the  second  wall,  where  they  gear 
by  equal  tooth -wheels,  so  that  the  orusliing  rollers 
revolve  at  equal  speeds  towards  each  other  on  top. 

Now  the  second  crushing  roll  is  kept  to  contact  withf 
first  by  two  transverse  levers,  that  pass  out  through  tlie  s^i^^* 
wall,  and  which  are  weigiited  at  pleasure,  to  suit  the  bafO- 
uess  of  the  ore,  by  suspended  winze-buckets,  aa  more  or  1^^^ 
supplied  with  scrap  iron.     Short  right-angled  lugfl,  on  a»*^ 
under  the  inner  end  of  these  weighted  levers,  abut  on  sui^-^' 
ble  saddles,  which  force  the  crushing-roll  brasses  inwards,    ^^ 
guided  by  their  suitaldy  arranged  slides. 

Now,  if  the  engine  is  started,  and  the  rolls  are  siippli^ 
with  rock,  it  will  be  crushed  between,  aud  pass  down  throu^" 
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these  rolls;  whilst  the  levers,  having  proper  freedom,  will 
ease  off  from  rock  of  dangerous  hardness,  or  from  an  acci- 
dental piece  of  iron,  to  prevent  breakage. 

On  tailing  through  these  rolls,  it  passes  into  a  revolving 
circular  sieve,  which  is  sloped  in  a  manner  to  sift  what  is 
sufficiently  fine  into  a  wagon,  or  on  the  floor;  whilst  the 
coarse  is  passed  into  the  vertical  wheel  (called  "raflf  wheel"), 
for  elevation  and  repetition  of  the  process,  until  it  will  pass 
through. 

The  rolls  are  aho  supplied  with  rock  by  appropriate  mechan- 
isms, that  work  an  inclined  railway  car. 

It  will  be  seen  that  everything  is  provided  for  in  this 
crusher;  that  friction  is  as  little  as  possible;  whilst  more 
rock  can  be  passed  through  in  the  same  time  than  by  any 
other  yet  devised. 

The  Cornish  Stamping  Engine.  —  This  engine  is  in  all 
respects  similar  to  the  pumping  engine,  excepting  that  it  has 
a  crank  and  fly  wheel,  and  lacks  the  consequently  unneces- 
sary "cataract,**  or  intermittent  restiny  time-keeper. 

They  almost  invariably  receive  steam  but  the  one  way  (on 
top  of  the  piston),  which  works  to  from  one-fourth  to  one- 
tenth  expansion;  whilst,  during  the  ascending  half-stroke,  it 
is  equalized  both  over  and  under,  for  its  more  warmth. 

The  beam  works  on  the  wall,  half  in  and  half  out,  and  the 
connecting  rod  is  made  extra  heavy,  for  balance,  during  the 
up-stroke  of  the  piston,  which  is  further  regulated  by  a 
balance- box  on  the  outer  end  of  the  beam  itself,  so  that  it 
may  be  still  more  accurately  balanced,  for  the  difterence  of 
Work. 

The  Cornish  Stamps  (or  Battery) — Should  be,  econom- 
ically speaking,  driven  by  water-power,  or  by  the  vertical, 
long  stroke,  high  pressure,  single  expansive  steam  con- 
densing, Cornish  engine,  as  described,  in  a  direct  manner,  by 
coupling-box  connection  from  the  engine  axle  to  that  of  the 
Btamps,  so  as  to  run  round  for  round,  instead  of  using  the 
tinneccssary  tooth-wheel  connection.  (Belts  have  never  been 
used  for  this  purpose  in  Cornwall,  and  should  be  most  cer- 
tainly discarded,  as  being  expensive  and  unnecessary.) 
Bach  engines,  which  have  been  demonstrated  after  long 
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trials,  beyond  po9sil»ility  of  mistake,  to  be  the  most  econom* 
ical  and  serviceable  engines  for  fixe<l  purposes  in  the  world, 
have  been  too  often  supplanted  by  the  horizontal  double 
'^condenser,"  or  the  '*pufler/'     These  engines  accomplish 
maximum  economy  when  revolving  about  twelve  rounds  per. 
minute ;  so  that  tlie  thus  driven  and  driving  barrel  (which  is  j 
precisely  on  the  principle  of  an  organ  or  muisical  box  barrel) J 
by  having  five  **eara8**  or  tappets  to  the  round,  elevates  tlidl 
'•'heads"  or  pestles  sixty  times  per  minute.     These  suitably  [ 
perforated  cylindrical  cast-iron  or  solid  wood  axles  (in  which  I 
the  elevating  tappets  are  wedged  securely)  drive  a  maxiraum 
number  of  sixteen  pestles,  into  four  mortars;   or  twelve  in 
three  mortars  ;  or  eight  in  two;  or  tbor  (or  sometimes  three) 
in  one;  and  by  a<hling  and  coupling  on  more  such  axleato  M 
the  first  and  to  each  other,  the  pestles  may  be  increased  from     i 
sixteen  to  tliirty-two,  to  forty-eight,  to  sixty-four,  to  eighty, 
to  ninety-six,  to  one  hundred  and  twelve,  to  one  hundred  and  ■ 
twenty-eight,  etc.     (Five  pestles  in  the  one  mortar  are  never  ^ 
used  in  Cornwall,) 

Although  these  large  round  axles  and  two  and  a  half  inch 
square  lifters  are  generally  made  by  one  piece  of  iron,  they 
may  be  in  several,  and  are  a^  often  made  of  wood,  at  the 
mine,  even  in  Cornwall,  when  the  small  working  axle  of 
wrought-iron  is  securely  fastened  into  each  end  of  the  former; 
and  the  stems  of  the  pestles,  ^vhich  are  cast  into  the  iron,  or 
sometioies  wedged,  are  inserted  into  the  bottom  iron-bounJ 
ends  of  the  six-inch  square  hard-wood  lifting  stems. 

Whm  made  etUlrely  of  iro7i^  it  is  heavier;  but  when  these p(tr^ 
are  made  of  wood,  at  the  rnine^  it  i^  lighia^  ihari  those  of  Odi- 
fomiu. 

The  ** lifters"  or  stems,  and  the  pestles,  are  not  round  as 
those  of  America;  but  the  former  are  made  of  from  two  and 
a  half  to  three  inch  wrought-iron,  or  from  five  to  six  inch 
hard-wood  ;  and  the  latter  of  white-hard  cast-iron,  in  obloag  ■ 
shaped  chills,  both  horizontally  and  vertically,  varying  in  size 
from  ten  to  twelve  inches  by  from  six  to  seven  iu  the  bottom, 
and  from  one  foot  to  two  feet  three  inches  in  height. 

Thus,  it  w^ill  be  seen  that  although  they  do  not  turn  round, 
they  fill  the  mortar,  cover  the  rock,  and  discharge  the  pulp, 
much   more   effectually  than  the   round   pestle;    and   ih 
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wronght-iroQ  shanks  can  be  again  used,  without  wastage  for 
new  pestles.  If  any  irregularity  Bhould  be  perceived  in  their 
wear,  w^hieh  has  not  been  found  deleterious,  the  pestle  and 
lifter  can  be  turned,  occasionally,  half  round. 
.  These  pestles  may  be  either  used  on  the  (strongly  bolted) 
wooden^  or  natural^  bottom ;  or  on  corresponding  cast-iron  bed- 
plates, made  especially  for  the  purpose. 

The  pulverized  ore  is  generally  forced  out  from  the  mortar 
through  perforated  plates;  but  sometimes  it  merely  runs  up 
an  inclined  flume,  in  wave*^,  until  it  becomes  sufficiently  fine 
to  pass  over,  as  suspended  in  the  agitated  waters. 

It  therefore  appears  that  the  two  theoretical  and  primary 
apparent  advantages  of  twist  and  lightness  are  more  than 
counterbalanced  from  greater  subsequent  economy  of  fuel, 
wear  and  tear  from  higlier  speed,  friction,  the  unnecessary 
leather  belts,  and  by  the  practically  more  efficient  crushing 
and  dieehargiug  facilities,  as  obtained  by  the  square,  mortar- 
fillings  direct-acting  tappet  system* 

I  The  Flumino  Thouoii^ — Is  used  tor  separating  ores  of  a 
certain  size,  which  are  already  sufficiently  small  for  market 
or  other  treatment,  from  those  that  are  too  large;  which 
latter  are  at  the  same  time  washed  clean,  lor  hand  separation 
on  suitable  tables,  by  boys  or  girls;  as  also  for  separating  the 
heavy,  which  lies  at  and  near  the  head,  from  the  lighter  and 
less  valuable  parts,  which  pass  away  in  the  water  towards,  or 
entirely  clear  of,  the  end  of  the  race  of  water. 

It  is  generally  made  as  a  simple  launder,  of  wood  sides 
'and  bottom,  with  an  interior  perforated  iron  false  bottom, 
*  some  four  in<^hes  above  tlie  wood  bottom.  The  iron  bottom 
is  nearly  or  quite  flat,  so  as  to  retain  the  dirty  ores,  for  being 
stirred  and  washed  clean;  whilst  the  wood  bottom  of  the 
launder  currien  the  debris  away  in  tlie  quick  traveling  water, 

»for  subsequent  retention  by  cross-bars. 
The  Jigqino  Macuine^ — Is  used  for  the  separation  of  the 
heavy  ores  from  the  light  gangue,  by  water  treatment.  It 
operates  on  ores  that  have  been  first  crushed  to  the  size  of 
split  peas,  which,  being  placed  in  sieves  of  suitable  fineness, 
[the  water  is  caused  to  rise  and  fall  through  the  ores,  which 
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oseillatirm  cmij^es  the  lighter  pieces  to  arise  to  the  su 
over  the  heavy  ore,  for  beiug  removed  from  the  sieve  h; 
hand  scnipers-     it  is  worked  in  four  wayg* 

1.  By  hand  sieves,  which  have  handles,  for  heing  well 
shaken  by  veitieal  reciprocating  motion,  and  l)y  horizonUil 
twiat,  whicli  works  more  etteetuallv  than  anv  other, 

2.  By  oblong  h»rger  sieves,  that  are  suspended  to  an  equal* 
ended  lever,  which  works  on  an  axle  that  is  iixed  on  two 
columns,  at  !?ome  three  or  four  feet  from  the  water-troughs. 
This  lever  is  worked  by  another  lever,  that  is  centered  on  the 
same  columns,  some  twelve  inches  above  the  first  lever,  toi 
return  over  the  first,  for  being  worked  }>y  a  hoy  who  standa- 
in  front  of  the  water-trough  and  oblong  sieve. 

The  attachment  from  the  one  lever  to  the  other  id  not  ♦»! 
f/ood Jif,  but  made  by  a  vertical  screw,  which,  by  passing  from 
the  farthest  end  of  the  first  or  lower  lever  up  through  a  hole 
in  t!ie  upper  lever,  in  a  loose  manner,  can  be  regulated  by^ 
nuts  over  and  under  tlie  upper  lever,  in  such  a  way  that  the 
proper  sudden  shake  may  be  given  to  tiie  ore  and  water,  Oa 
being  shaken  sufficiently,  tlie  working  lever  is  passed  down; 
to  the  ground,  and  secured  by  a  rope  loop,  or  a  catchy  andS 
the  tighter  surfixce  debris  of  waste  is  then  scraped  to  one  eidfe 
and  cast  awuy. 

3.  A  row  of  such  are  placed  side  by  side,  and  worked  hy 
a  nnicbine,  from  suitable  cranks. 

4.  A  series  of  round  blind  sieves  are  placed  in  suitable 
holes,  on  a  long  wood  box  or  pipe,  and  these  being  partially 
filled  with  the  ore,  the  water  is  forced  up  and  down  throagh 
the  sieves,  by  the  quick  motions  of  one  plunger  pump,  which 
is  arranged  to  be  worked  into  their  common  water* box,  bj 
suitable  niechamsnis,  which  vary  the  speed  for  the  purpose. 
The  sieves  ure  skimmed  off  or  removed  as  often  as  necessarr, 
so  that  the  waste  may  be  passed  away,  and  the  concentrated 
ore  transferred  to  its  pile  ;  when  the  process  is  agHiu  repeated 
as  l>efi>rc.  Double  sets  of  sieves  may  be  used,  to  save  time 
in  tilliug  iiuil  scraping, 

TuE  BuDULiNO  Macuines — Are  all  used  for  the  separation 
of  the  lighter  gangue  from  the  heavy  mineral,  which,  beingl 
first  agitated  into  mechanical  suspension  in  running  watefrf 


METALLURGISTS     COMPANION. 


465 


settles  8ul>8eqnent1y  at  certain  distances  down  an  inclined 
plane,  according  to  specific  gravity. 

The  ore  for  8ach  treatment  is  iirst  pulverized  in  stamps,  to 
pase  through  a  sieve  of  from  forty  to  sixty  meshes  to  the 
inch,  and  then  benefieiated  by  one  or  more  of  the  foUowing 
modcB. 

1.  Long»  plain,  gradually  descending  flumes,  or  box  laun- 
ders, in  front  of  the  battery,  which,  when  full,  are  shovelled 
into  separate  heaps,  of  difterent  qualities,  according  to  their 
distances  from  the  head  of  the  stream  of  water  which  carries 
the  almost  impalpable  ore  from  the  battery. 

2.  The  common  oblong  hand  buddle  may  be  easily  under- 
stoodj  and  made  from  the  following  description. 

A  pit  is  excavated  in  the  ground,  just  below  the  level  of 
the  orey  stream  or  dressing  floor,  sufficiently  large  for 
receiving  an  oblong  coverless  wood  box,  of  some  ten  feet 
long  by  three  feet  wide,  and  two  feet  six  inches  deep.  At 
the  head  of  this  trough,  a  wood  slope  is  fixed,  of  a  length 
equalling  the  full  breadth  of  the  ti^>ugh,  and  about  eight 
inches  wide.  Above  this,  a  transverse  launder  conveys  the 
water  to  this  and  other  huddles,  for  washing  the  ore,  which 
is  sometimes  supplied  in  a  partially  solidified,  eakcy  state, 
and  is  then  shovelled  into  a  suitable  head  trough,  or  on  a 
board,  for  the  purpose,  as  often  as  necessary,  by  a  boy  or  girl ; 
then  disintegrated  and  tlistrihuted  over  the  sloping  head- 
board, by  a  long-handled  rake,  for  the  action  of  the  water 
thereon.     This  water  is  tlius  made  to  enter  over  the  ore  by 

>  several  diverging  channels,  between  suitable  strips  of  wood. 
The  powdered  ore  passes  down  into  the  box,  and  settles  on 
m  incline,  according  to  comparative  weights,  close  to,  or 
lore  or  less  distant  from,  the  head ;  wliilst  the  water  passes 

tout  through  the  end  (which  is  perforated  tor  that  purpose), 
^ith  the  lightest  gangue. 

This  graded  incline  of  ore  is  occasionally  smoothed  by  a 
luitable  brush,  ribbon,  or  rake,  to  keep  it  troni  being  grooved 
>y  the  water;  and  when  the  trough  is  full,  the  foot  is  shov- 
elled into  one  pile,  and  the  head  into  another,  for  future 
eatment 

3.  The  t ranking  huddle  is  arranged  for  the  perlbrmance, 
>y  mechanical  motion,  of  what  has  been  done  by  the  laa^or 
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eomtnoD  buddle,  by  hand,  A  series  of  properly  sloped 
flnines  are  embedded  side  by  side,  which  have  trans v^erse 
divisions  at  their  heads,  for  separate  water-boxes,  into  which 
the  water  flows  over  the  cakes  of  slime  that  require  disinte- 
gration and  concentration.  Over  these  water-boxes,  wbicli 
are  situated  at  the  head  of  the  budtUes,  an  axle  is  supported, 
which,  running  from  end  to  end,  serves  for  the  attachment 
of  m  many  shovels  as  there  are  buddies,  which  are  so  secured 
by  their  hilts  to  this  axle  that  they  shall  descend  into  the 
water  of  the  head  boxes.  These  shovels  are  kept  in  slow 
but  continuous  motion,  as  worked  by  a  rod  from  some  recip- 
rocating power^  which  is  applied  to  a  lever  that  is  keyed  od 
one  end  of  this  axle. 

The  thus  agitated  waters  wash  and  keep  the  ores  in  sus- 
pension, which  pass  over  the  several  Humes,  laundei's,  or 
''trunks,''  to  settle  in  relative  positions  as  under  the  band- 
buddle  described;  and  one  good  boy  can  attend  to  the  whole 
aeries. 

4.  The  original,  round  Bninton'a  buddle,  as  supplied  from 
the  centre  with  the  water  that  brings  the  mineral  in  suspen- 
sioUj  to  be  distributed  over  the  convex  disk,  and  smoothed 
from  channeling  by  revolving  brushes  or  ribbons,  taking  all 
things  into  consideration,  ib  the  easiest  made,  most  speedy 
and  effective  in  operation,  least  liable  to  derangement,  and 
cheapest,  of  the  several  circular  buddies  that  have  been  since 
devised  by  others,  for  the  eflectual  separation  and  concentra- 
tion of  all  of  (he  several  heavy  auriferous  rninerrds,  if  not  for  the 
complete  separation  of  the  one  smgle  tnineral^  the  oxide  of  tin. 

I  understand  them  as  being  very  different  operations;  for  whilst^ 
in  the  fanner^  you  have  to  retain  all  the  heavy  ore  in  as  hasty  a 
manner  as  possible^  in  tfie  latter  you  have  to  aeeompUsh  eompkte 
separation  of  the  one  oxide  of  tin  from  all^  or  nearly  alU  of  the 
other  heavy  minerals;  some  of  which  approach  closely  to  being  of\ 
the  same  specific  gravity. 

This  buddle  may  be  made  in  the  following  cheap  and  easy 
manner.  Sink  a  circular  pit  in  the  ground,  of  suitable  depth 
and  diameter,  which  may  be  made  to  vary  from  three  to  six 
feet  deep,  and  from  twelve  to  twenty  feet  in  diameter,  accord- 
ing  to  the  requirements  of  your  case.  Floor  the  whole  pit 
with  wood  three  inches  thick,  and  build  thereon,  first,  a  wood, 
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>rick,  or  stone  wall  round  its  periphery,  just  inside  the  cliff 
of  ground,  which  mut^t  be  perforated  with  holes ;  and  then  a 
central  hollow  cylinder,  of  wood,  stone,  or  brick,  forrecei\ing 
the  axle  and  fc»upporting  the  supply  flumes  for  the  ore,  which 
is  suspended  in,  and  brought  by,  the  water,  either  Btraight 
from  the  battery  fiumecj,  or  from  especial  stirring  troughs, 
when  treating  older  solidified  slimes. 

Into  the  central  hollow  cylinder  a  vertical  axle  is  intro- 
duced {which  work§  into  a  stool  at  the  bottom,  and  on  a  cross 
beam  at  the  top),  on  which  is  placed  one  or  more  transverse 
arms,  for  carrying  the  brushes  or  ribbons,  w^hiiih  are  intended 
for  moving  the  accumulating  pulp  acrot^s  the  radiating  stream 
of  orey  water,  so  as  to  prevent  the  accumulation  of  lumps 
and  the  formation  of  water  ehanneln,  and  distribute  the  thin 
sheet  of  water  and  ore  all  over  the  eonvexed  slope. 

These  arms  that  carry  the  brushes  shoal  J  be  attached  to  a 
socket^  which  should  be  so  balanced  by  two  weighted  chains 
that  work  over  pulleys,  that  the  sweepers  may  rise  as  the  pit 
fills  with  ore. 

This  being  done,  the  arms  may  be  properly  balanced,  and 
^iterted  to  revolve  at  from  three  to  six  revolutions  per  minute. 

The  water  that  carriea  the  ore  maybe  now  turned  into  the 
annular  trough  around  this  central  axis,  which,  being  pro- 
vided with  several  outlets,  affords  free  passage  for  the  water 
and  ore  to  run  out  through,  and  down  over,  the  outside  of  the 
cylindrical  centre  of  nuisonry,  to  commence  concentrating 
the  ore  in  superior  quality  at  and  near  to  the  centre;  w^hilst 
the  inferior  and  worthless  gangue  is  passed  aw^ay  at  the  cir- 
cumference, through  suitable  holes,  in  the  manner  described, 
until  the  pit  becomes  full. 

Two  or  more  machines  should  be  arranged  in  a  row,  to  be 
driven  by  the  same  shaft  and  power,  so  that  when  the  one  is 
full,  the  stream  of  mineralized  water  may  be  shut  off  li'om 
this  and  passed  over  the  others,  whilst  the  one  or  more  are 
being  cleaned  up.  Previous  to  clearing  a  pit,  a  circular  line 
of  demarkation  should  be  drawni  just  where  the  quality  is 
sufficiently  high  for  beneficiation,  when  that  inside  may  be 
saved,  and  the  outside  passed  away,  or  put  aside  for  a  repeti- 
tion of  the  process  by  another  huddle,  situated  further  down 
the  stream. 
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It  xtUl  he  someiimcs  betfer  to  marase  (he  diameter  of  the  m 
cylindrieal  sto7}£  wall,  so  thai  the  entrance  line  for  the  mineralizti 
iDater  may^  by  being  extended  in  iridthy  increase  the  supply  of  the 
ore  and  speed  of  its  concentration, 

Severn!  machines  may  follow,  for  closer  concentration. 

I  think  that  this  ordinary  huddle,  thus  modified  to  suit 
circumstances,  taking  small  first  cost,  with  great  simplicity 
and  efficiency,  into  account,  will  answer  better  for  the  cod- 
centration  from  the  auriferous  debris  of  all  (he  heavy  particles, 
which  gold  only  requires^  than  those  more  modem  and  refined 
mechanisms  which  have  been  es^pecially  devised  for  the  more 
complete  separation  of  tin  oxide,  both  from  the  heavy  and  light 
debris, 

A  machine  that  is  best  adapted  for  the  one  may  not  be  so 
efficiently  arranged  for  the  other. 

The  American  concentrators  are  at  haotl,  and  are  suffi- 
ciently put  forw\ird  by  the  inventors  and  others  to  expose 
their  comparative  merits  with  this,  as  well  as  with  each 
other* 

The  Machine  and  Hand  CoNCENTRATmu  "HrNGKD 
Frames," — These  somewhat  ancient  hinged  frames  are 
probably  the  most  exacting  and  perfect  concentrators  yet 
devised  by  ancient  or  modem  mechanisms;  for  where  a  com- 
paratively complete  separation  is  wantedj  such  as  for  tin 
oxide,  they  beneficiate  the  wastes  from  all  other  machines; 
more  particularly  those  that  are  denominated  "hand  frames,*' 
which  are  directed  with  the  superior  intelligence,  and  worked 
by  the  power,  of  educated  girls  or  boys. 

The  Hand  Cokcentrating  Frame — Is  simply  an  oblong 
frame  of  wood,  about  seven  feet  long  and  four  feet  wide, 
which  is  made  to  border  a  flat  table,  somewhat  similar  in 
shape  to  a  billiard  table.  This  t^ble  is  made  to  elope  from 
about  seven  to  ten  degrees  from  the  horizontal ;  it  is  hinged 
across  its  middle,  in  the  direction  of  the  running  water,  so 
that  it  may  be  turned  in  a  vertical  position  as  often  as  a  suffi- 
cient amount  of  tin  or  other  mineral  accumulates  thereon,  for 
washing  it  into  suitably  placed  troughs  below,  for  further 
separation  of  qualities ;  whilst  the  worthless  gangue  passed 
away  in  the  water  over  its  tail-eod. 
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A  eloped  head-board  k  arranged,  Bioiilar  to  the  hand  hud- 
dle ;  but  it  is  wider,  to  suit  the  greater  breadth  of  the  frame, 
and  a  leather-hinged  wood  flap,  that  runs  this  whole  breadth, 
overlaps  the  frame  when  it  is  in  the  act  of  concentration,  and 
rises  to  accommodate  its  turning  to  vertical  position  when  it 
is  being  washed  free  from  the  concentrated  ore. 

It  is  worked  by  a  hand-rake  or  hoe,  in  a  similar  manner  to 
the  hand  buddle,  until  the  timo  arrives  for  washing,  when, 
the  supplying  stream  being  first  turned  off,  the  frame  is 
thrust  to  the  vertical,  where  it  is  washed  clean  by  a  long- 
handled  honi  or  scoop,  and  returned  to  its  proper  position  for 
repetition  of  the  process. 

The  action  is  much  more  perfect  than  the  buddle,  for  no 
more  than  al>out  one-sixteenth  of  ao  inch  thick  accumulates 
at  anv  time,  an  it  is  then  washed  off  into  the  receivins: 
troughs. 


I 


TuE  Machine  Concentrating  Frame  —  Is  made  in  a  simi- 
lar manner  to  the  foregoing  hand  frame,  excepting  that  the 
axle  is  fixed  somewhat  oo  the  one  side  of  the  centre  of  the 
table,  and  brought  to  balance  by  a  piece  of  iron,  when  free 
from  ore. 

Several  machines  are  placed  in  a  row,  and  the  agitated 
water  carries  the  ore  over  the  different  frames,  each  having 
levers,  which  are  connected  together  by  a  long  rod,  so  that 
as  soon  as  a  certain  amount  of  the  concentrated  ore  has  accu- 
mulated on  the  larger  halves  of  the  tables,  its  excess  over 
that  on  the  other  halves  causes  them  to  upset. 

Instead  of  being  hand-washed  as  before,  V  launders  are 
fixed  just  over  the  top  edges  of  the  tables,  which  being 
capsized  by  the  motions  of  the  latter,  this  water  washes 
down  the  ore  from  the  face  of  the  table  into  the  under- 
lying troughs;  whilst  a  balance-box  at  the  end  of  the  whole 
arrangement  is  regulated  to  gradually  fill  with  water,  tor 
the  purpose  of  returning  the  tables  for  another  operation, 
ad  wjinitum. 

The  whole  run  is  generally  attended  by  one  boy  or  girl; 
but   sometimes  a  girl    stands    between    every  two  frames, 

eibine  the  advantages  of  both  the  superior  work  of  the 
vith  the  greater  ease  aud  speed  of  the  machine. 
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THE   CORNISH    ROASTING   FURNACES. 

The  Hand  Furnace— Is  generally  made  of  a  mixture  of 
botli  common  and  fire  V> ricks, 

A  large  sf|oare  floor  or  bottom  is  covered  over  by  a  veiy 
flat  dome,  which  is  more  or  less  secured  by  exterior  iron 
bolts.  One  or  more  fire-places  are  bnilt  at  the  one  side^  and 
the  chimney  at  the  other;  whilst  on  the  other  quarter,  or 
quarters,  apertures  are  left  for  the  occasional  stirring  of  the 
ore  with  hand-rakes.  Tbe  roof  should  be  as  low  as  possible » 
and  when  opportnuity  affords  the  advantage  of  a  hill-side,  a 
covered  flue  may  save  the  expense  of  a  mason-work  chimney. 
Receptacles  should  be  also  bnilt  or  excavated  for  arresting 
and  settling  tbe  volatilized  elements  of  sulphur,  arsenic,  etc., 
90  that  they  may  be  sold  as  such  in  the  market. 

The  Horizontally  Revolving  Machine  Furnace  —  Which 
is  called  the  '^/alciner/'  is  the  most  thoroughly  efficient  of 
al!  roasting  apparatuses,  tor  it  may  be  made  to  volatilize  at 
any  desired  temperatore,  dnring  any  length  of  time;  whikt 
the  pulverized  ore  is  being  stirred  continually,  from  the  time 
of  its  entrance  until  discbarged,  by  the  moat  ettectual  self- 
acting  motions.  This  furnace  is  made  and  worked  in  tbe 
following  manner* 

A  low  wall  is  built,  in  a  circle  of  from  eight  to  twelve  feet 
internal  diameter,  and  some  five  feet  in  height,  that  receives 
the  horizontal  cast-iron  table,  which  is  attached  to,  and  sup- 
ported on,  an  axle  that  is  provided  with  a  wheel  near  its 
lower  end,  in  which  a  **worra"  gears  for  producing  a  slow, 
regulated  motion,  as  tunied  hj  more  or  less  water  passed 
over  a  small  wheel,  kept  for  the  express  purpose.  Excepting 
this  small  sub-opening  to,  and  the  **crow''  for,  this  worm- 
wheel  and  axle,  and  the  openings  for  the  reception  of  the 
roasted  ore,  and  one  or  more  ash-pits  and  fire-places,  the 
interior  of  the  bottom  of  the  round-house  is  built  up  solid, 
to  within  some  six  or  eight  inches  of  the  revolving  table, 
leaving  but  just  room  in  the  centre  for  the  axle  to  w^ork. 

Just  on  line  with  the  upper  horizontal  surface  of  the  table, 
one  large,  or  two  or  three  smaller,  fire-places  may  be  built  on 
the  one  side,  and  a  chimney  on  the  other  side,  for  the  crea- 
tion of  draught  and  conveyance  of  the  heated  gases  away, 
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which  have  been  volatilized  from  the  ore  daring  the  passage 
of  heat  from  the  fires. 

The  pulverized  ore^  and  salt  when  necessary  for  silver,  is 
supplied  by  a  central  funnel -shaped  pipe^  which  passes 
through  the  flat,  archod,  circular  top  of  the  furnace,  that  is 
strongly  built  of  fire-brick,  which  may  be  partially  supported 
by  suitably  shaped  iron  beams.  Under  this  roof  one  or  more 
radial  series  of  fiat  stirrers  are  placed,  so  that  they  may 
be  turned  on  their  axles,  and  adjusted  from  without,  in  the 
manner  to  stir  and  pass  the  ore,  at  an]/  desired  speedy  from  the 
centre  outwards  during  the  process,  for  simply  roasting  off  the 
sulphur,  etc.,  or  for  simultaneous  chlorination. 

Several  of  these  machines  may  be  worked  through  the 
Bame  chimneyj  and  by  one  man,  as,  after  they  are  once  set 
going,  it  is  only  necessary  to  feed  them  with  ore  and  fuel 
occasionally* 

In  starting  these  furnaces  into  etfeetual  operation,  it  will 
be  necessary  to  first  warm  them  up  to  a  low  red  heat,  by  the 
fires,  before  addiug  the  pulverized  ore,  w^hen  the  latter, 
having  been  added,  should  be  examined  on  its  exit,  to  «ee  if 
the  passage  througb  was  too  much  hastened  or  retarded;  so 
that  it  may  be  regulated  from  the  exterior  top,  by  turning 
the  stirring  rudders  more  for  tlie  one  or  for  the  other,  as 
required.  This  being  once  adjusted,  the  fires  should  be  reg- 
ularly supplied  witli  fuel,  and  accurately  regulated  by  the 
dampersj  to  obtain  perfect  volatilization  by  sufficient  temper- 
ature, without  the  conglomeration  that  is  so  often  produced 
by  other  furnaces,  from  excess  of  heat  and  lack  of  motion, 

8ee  the  illustration  of  this  roasting  machine,  in  Chapter  I, 
Section  V,  on  ** Roasting/*  etc. 
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CHAPTER    VII, 


DRY  AND  WET  CONCENTRATION  OF  ORES,   BY  HAND,  WATER^  ACTDS, 
AND   CALCINATION. 

The  base  minerals  and  the  preeious  metals  may  be  conceo- 
trated  in  numerous  ways ;  but  the  following  are  some  of  tbe 
most  efficient  methods  that  are  resorted  to  by  the  minera 
of  the  older  countries. 
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Dry  Concentration  by  IL\ND^Ha9  been,  and  should 
always  be,  resorted  to^  as  the  most  advautageoos  and  effective 
preliminary  means  for  separation  of  different  qualities  of  rock 
into  piles,  for  direct  sale  of  the  best,  and  aubt^equent  more  ■ 
eeonomieal  benoficiation  of  the  remainder,  by  the  other  more 
general  methods  of  concentration,  after  pulverization. 

1.  The  miner  should  commence  (his  fneihod  b}/  caMing  the  pac- 
ing streak  of  rock  into  one  pile^  for  sqyaraie  conveyance  to  0^ 
surface;  for,  when  in  the  hand  or  shovel,  it  may  be  passed 
almost  as  easily  into  two  heaps;  and  thereby  not  only  the 
time  is  saved  for  subsequent  especial  surface  separation,  but 
the  wastage  from  its  greater  crumbling  to  small  particles,  that 
can  be  again  obtained  but  by  expensive  means, 

2.  The  rock  should  be  dumped  from  the  car,  over  two  or  three 
diagonally  placed,  iron-barred  screens,  so  that  the  different 
sized  rock  may,  by  fklting  from  the  one  of  these  screens  to 
the  other,  be  sized  to  fall  according  to  the  different  distances 
of  these  bars  from  each  other,  in  each  succeeding  screen  or 
sieve;  the  finest  will  thus  fall  through  the  finest  screen,  ivkick 
ifiay  be  jigged  bg  water;  the  medium  size  will  fall  through  the 
middle  screen,  and  after  being  washed  clean  in  aflume^  may  bt 
separated  bg  being  hand-picked  on  tables,  hy  girls  or  boys;  the 
coarse  stones  will  pass  through  the  ihirA^  for  further  assortment 
by  liand'pickiugy  and  direct  passage  through  crusher  or  stamps 
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^  whilst  the  rocks  will  pass  beyond  all,  for  being  broken  with  a 
iskdffe  to  proper  sizes  for  mill  or  crusher,  and  separation  of  qimli- 
|lfc5  into  several  heaps. 


Concentration  by  Water  ^ — Is  generally  performed  after 

pulverization  to  almost   an  impalpable  powder,  of  nearly 

H  equal  state  of  fineness,  either  by  the   huddle,   or  frame, 

described  in  Cliapter  YI  of  this  Section;  or  by  the  German 

•  shaking  talde,  or  one  of  the  Californiau  coucentmtors* 
The  *"pump  jigging  machine''  has  also  been  recently 
applied  for  concentrating  finely  pulverized  ore,  by  using  fine 
sieves,  and  one  hundred  and  fifty  short,  half-inch,  strokes  per 
minute.  The  impoverished  debris  passes  from  the  one  sieve 
to  the  other  in  a  series  of  sach  sieves;  so  that  hand-scmping 
is  unnecessary,  as  the  light  passes  away,  wliilst  the  heavy 
settles  down  through  into  the  sieves  and  troughs, 

■  It  is  a  well  established  fact  that  no  machine  or  hand  con- 
centrator can  be  made  to  extract  all  of  the  heavy  from  the 
lighter  powder,  in  one  operation ;  nor  will  any  one  of  them 
concentrate  in  a  manner  that  is  both  suflieiently  economical 
and  complete  for  either  marketable  purity,  or  tor  ehlorina- 
tion,  teithout  causing  an  escaping  loss  over  Ihe  tail-race  of  water; 

^  BO  that  it  is  generally  advisable  to  first  work  by  more  than 
H^ae  concentration,  and  then  to  arrest  the  hea^-ier  escaping 
^debris  in  large  pits,  where  it  settles  to  the  bottom,  in  the 

slow-traveling  water^  for  more  subsequent  beneficiatiom 
f  The  hand  and  machine  frames  described  in  the  preceding 
chapter  are  the  most  exacting  eoncentratore  of  Cornwall,  as 
the  hand-rocker  is  in  California j  yet,  in  spite  of  even  them, 
the  tailings  from  mines  may  be  worked  over,  by  other  cheap 
labor,  again  and  again,  for  further  profitable  extraction; 
which  is  probably  caused  from  differe^ice  of  ihe  shapes  and  sizes 
of  tlie  pulverized  ore^  which  caimot  be  so  well  avoided* 

■  This  is  such  a  natural  consequence,  that  family  after  family 
manage  to  obtain  a  living  by  re-treating  the  slimes,  as  they 
pass  away  by  slow-traveling  rivers,  some  several  miles  into 
the  sea,  from  some  of  the  best  worked  tin-dressing  floors  and 
largest  mines  in  Cornwall,  and  from  each  other. 

It  is  therefore  most  es^sential  that  the  battery  should  be 
above  a  convenient  declivity,  for  the  necessary  repetitions  of 


474 


THE   explorers',   MINERS*   AND 


first  treatment,  as  well  as  for  suitable  catfli-pits,  for  subse- 
quent beueiiciatioii  of  that  which  would  othermse  escape* 

The  Beveral  jBumes  in  irmit  of  the  mortara  of  the  battery 
may  be  eloped  like  hand  buddies,  and  be  arranged  in  pairs, 
80  that  every  alternate  one  may  have  the  water  diverted  into 
the  other,  whilst  it  is  being  cleaned  up,  similar  to  the  baud 
huddle,  according  to  quality.  The  partially  concentrated 
head  may  be  conveyed  to  one  set  of  round  buddies,  or  machine 
ft'araes,  whilst  that  at  the  tail  may  be  treated  by  another  set; 
and  the  still  escaping  poor  slimes  may  be  caught  in  pits,  tor 
benefieiation  by  contract,  at  certain  percentage  of  value,  is 
known  by  assay,  actual  chlorination,  or  other  reduction- 


4 


Bind  1 

I 


The  Sepabatiojj  of  Tin  Oxide  from  Tunostate  of  Iro^t, 
Hydro-chloric  Acid.  — The  oxide  of  tin  is  first  roast'edj  and 
re-washed  ontramee,  for  ridding  it  from  sulphur,  arsenic,  and 
the  other  forms  of  iron;  when  the  tungstate  of  iron  is 
removed  by  humid  treatment,  with  hydro-chloric  acid,  which 
must  be  added  to  proportion  with  the  quantity  of  the  wolfram 
(or  toogstate  of  iron)  that  m  present. 

This  acid  treatment  is  imperative,  because,  from  too  similar 
specific  gravity,  the  wolfram  cannot  be  water-washed  off;  and 
being  non-volatile,  fire  also  fails  to  release  it. 

Concentration  and  Separation  by  Calcination.  —  Many] 
minerals  which  are  associated  with  volatile  elements  may  be  ' 
calcined  to  groat  advantage,  for  the  direct  removal  of  the 
objectionable  portion  by  fire;  and  sometimes  the  remaining 
element  is  so  changed  thereby,  as  the  eulphuret  of  iron 
when  it  has  been  oxidized,  that  it  becomes  friable,  and  may 
be  passed  away  by  a  repetition  of  water  treatment. 

The  oxide  of  tin  may  be  t^iken  as  an  example,  which,  being 
frequently  associated  with  the  snlphnret  or  arseniuret  of  iron, 
cannot  be  entirely  passed  away  in  water;  but  roasting  vola- 
tilizea  the  sulphur  and  arsenic  from  the  iron,  which  then  I 
becomes  oxidized,  so  that  it  maj^  be  wholly  separated  by 
being  again  washed  on  frames,  when  the  iron  can  be  so 
disintegrated  that  it  is  then  suspended  and  floated  away  in 
the  highly  reddened  water. 

The  treatment  of  other  minerals  will  be  given  in  Chapter I» 
Section  V,  on  Metallurgy,  on  the  general  results  of  roasting. 
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CHAPTER    VIII. 


PREPARlNa   AND   SAMPLING    THE   ORES   FOR  THE   MARKET. 


The  base  minerak  are  generally  sold  by  the  miner  in  their 
raw  state,  for  reduction  by  especial  metal largical  companies; 
and  arc  prepared  iFito  heaps,  and  sampled,  alter  the  following 
methods. 

[  1,  Tm  oxide,  after  being  concentrated  on  frames,  as 
described  in  the  preceding  chapter,  is  roasted,  when  neces- 
sary fur  removal  of  the  obiectionable  snlphur  and  arsenic, 
and  the  thus  oxidized  iron  is  passed  away  as  stated,  by 
framing  the  roasted  ore.  A  finishing  process  is  then  resorted 
to,  called  "keeving,"  where  the  ore  is  placed  in  a  large  tub 
or  "keeve,"  covered  with  water,  and  struck  on  the  outside 
by  a  wooden  mallet  that  is  suspended  in  position  and  worked 
either  by  hand  or  machine  motion. 

This  operation  serves  to  arrange  the  particles  to  settle 
according  to  their  specific  gravities,  in  a  more  accurate  man- 
ner, and  frees  any  soluble  matter  that  may  have  adhered  to 

^  their  surfaces  during  roasting. 

^  It  is  an  imperative  necessity  that  the  oxide  of  tin  should 
be  brought  to  a  state  of  thorough  concentration  and  purity, 
or  the  smelters  will  not  give  anything  like  fair  value  lor  per- 
centage of  tui.  It  is  then  dried  and  sent  to  market  in  sacks, 
where  it  is  ticketed  for  by  each  buyer^  in  sealed  envelopes* 

I  2.  Lewi  sulphuret  {galemtjy  should  be  concentrated  yery 
closely;  but  not,  from  necessity,  to  such  state  of  purity  aa 
tin  ore.  This  is  generally  done  by  lutnd-picking,  jigging  al 
split-pea  size,  and  by  the  peculiar  modern  jigging,  huddling, 
trunking,  or  framing  of  the  unavoidably  fine  ore. 

The  closely  concentrated  ores  are  weighed  in  barrown,  and 
conveyed  to  the  floors  to  compose  equal  piles,  which  are  inti- 
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mately  mixed  and  of  tlie  shape  of  an  inverted  prospecting  or 
frying  pan;  aceordiDg  to  quality* 

These  piles  are  supposed  to  be  of  equal  quantity  and  qual- 
ity; but  when  the  samplers  for  the  different  smelting  compa- 
nies arrive  J  they  have  the  privilege  of  selecting  either  one  of 
a  number  of  a  supposed  quality  and  quantity,  for  their  a^^say 
and  total  weights. 

This  pile  is  then  cut  through  the  centre  (as  shown  at  pa^e 
120),  and  a  quantity  is  taken  theretrora  and  mixed  on  a  large 
iron  sampling  plate,  quartered,  and  the  opposite  two  quarters 
cast  away;  the  remainder  is  mixed,  and  the  operation  repeated 
until  a  little  more  than  tlie  actual  quantity  that  is  reqiiireil 
for  the  samples  is  retained.  This  is  then  pulverized  and 
passed  through  a  fine  sievej  when  each  sampler  fills  hh  sraull 
bag  for  assay. 

The  other  qualities  and  quantities  are  then  sampled  for 
percentage  of  assay  value,  and  total  weight,  by  the  selection 
of  any  one  pile  from  the  number,  in  the  same  manner. 

After  these  assays  are  made,  the  several  agents  fix>m  the 
smelters'  companies  are  supposed  to  bid  their  best  fair  price 
for  the  ore. 

3.  Carbonate  of  lead  is  raostly  separated  from  the  gaugne 
by  hand;  and  as  it  is  not  difficult  to  smelt,  and  will  not  stand 
water  treatment  so  well^  it  is  never  so  closely  conceatrated 
for  the  market  as  galena. 

In  subse€[uent  respectSj  it  is,  after  being  thoroughly  mixed 
in  piles  J  sampled  and  sold  in  similar  manner  to  galena. 

4.  Copper  ores  may  have  many  grades  of  quality,  from 
three  or  four  to  eighty- eight  per  cent.,  as  the  smelters  of  this 
ore  are  able  to  reduce  it  within  any  of  these  proportions  hy 
appropriate  mixtures  the  one  with  another,  etc. 

All  may  be  jigged,  huddled,  tninked,  or  framed^  for  con- 
centration; excepting  the  red  and  black  oxides^  which  toofef^ 
carries  away.     The  latter  must  be  therefore  separated  froi 
the  matrix  by  hand-picking. 

The  samples  are  taken,  in  the  manner  described  for  lead^ 
and  the  ores  are  purchased  from  the  assay &i,  at  regular  meei 
inge  of  the  smelters'  agents,  that  are  beld  5n  tlie  towns 
the  purpose,  when  the  highest  ticket  obtains  the  ore. 
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The  value  ot  copper  ores  may  be  estimated  by  multiplyiDg 
the  standard  of  the  day  by  the  percentage  ^^ produce**  from 
assay;  then  dividing  this  by  100,  and  deducting  the  nominal 
customary  returning  charges  of  £2.105  per  ton. 

Lead  may  be  estimated  in  similar  manner.  The  returning 
charges  bring  £6.105;  the  value  of  the  silver  it  contains  may 
be  added  thereto. 

The  ore  is  then  carried  from  the  mine  to  the  port,  by  the 
buyers,  for  shipment,  but  weighed  at  the  expense  of  the  mine, 
in  the  presence  of  the  sampler  for  that  particular  company 
of  smelters. 

6.  AiUimonyy  iron^  manganese^  zinc^  etc.,  may  be  concentrated 
by  hand  or  water,  to  from  fifty  to  eighty  per  cent,  of  mineral, 
and  be  piled,  sampled,  assayed,  and  weighed,  as  the  pre- 
ceding. 

The  ores  are  weighed  in  a  very  expeditious  manner  in 
CJomwall,  in  balanced  hand-barrows,  which  are  filled  from  the 
pile  by  one  or  two  men,  and  carried  by  two  others  to  the 
scales,  which  has  the  one  end  provided  with  a  curved  iron 
rest,  so  that  the  double -handled  barrow  may  be  readily 
placed  thereon,  or  withdrawn,  as  necessary. 

The  captain  takes  charge  of  the  scales,  and  books  the 
number  of  barrows  against  the  smelter's  agent,  who  sees  that 
each  barrow  turns  the  scales  to  fair  quantity,  which  is  regu- 
lated by  another  man,  who  shovels  the  ore  in  or  out  from  the 
barrow,  as  required  for  balancing  each  barrow.  Seven  bar- 
rows, of  three  hundred  and  thirty-six  pounds,  with  an  addition 
for  the  previously  ascertained  water-weight,  makes  the  ton; 
or  any  other  quantity  may  be  taken  to  suit  the  various  ores, 
and  the  peculiar  customs  of  other  districts. 
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CHAPTER    IX. 


contracts;    SETTINU,    PAYIN*^,    and    account    DAV8. 

Contracts. — ^Miiiiiig  reqinres  an  efficient  and  equitable 
Bjetem  of  contractSj  uiore  tban  any  other  bueineHs;  for  it  ba? 
8o  many  attendant,  recurriiigj  snstaining  expenses,  to  keep 
the  ways  open  for  excavations;  apd  the  workmen  are  so  dis- 
tributed, and  necessarily  hid  from  observation  by  the  ground 
itselfj  that  they  cannot  be  kept  at  work,  on  mere  daily  or 
monthly  wages,  by  any  moans  within  reach  of  economy;  and 
therefore  nothing  but  their  comparative  constitutional  honor 
and  industry  can  be  relieil  on  for  accomplishing  the  projter 
amount  of  work. 

For  some  men,  these  are  all-sufficient;  whilst  for  others (an<i 
they  are  in  strong  majority),  contmcts  must  be  resorted  to. 

It  is  just  m  difficult  to  change  the  naturally  industrioas 
man  into  lazy  retarding  habits^  as  it  is  to  encourage  the 
more  indifferent  into  industrious  practices;  so  that  nothing 
short  of  actual  contracts  can  realize  justice  for  good  men,orfair 
amount  of  work  for  wages  given  to  constitutional  schemers. 

1,  Contracts,  to  be  of  any  value,  slioukl  be  really  founded 
on  the  merits,  and  completed  according  to  the  real  facta,  of 
each  case;  irrespective  of  how  much,  or  how  little,  ground 
may  be  broken  during  the  terms  of  the  agreement.  | 

2,  The  words  of  contracts  shonld  clearly  and  minutely 
express  the  terms  of  mutual  agreement. 

3,  The  real  hardness,  etc.,  of  ground,  as  in  sight,  shonli 
be  the  guide  for  the  price,  at  per  foot  or  fathom,  no  mat 
how  much  or  how  little  has  Incn  driren  during  the  preceding  conA 
tract;  for  nothing  is  more  calculated  for  lessening  the  amoutil 
of  honest  labor,  than  those  perniciously  elastic  *'give*aud-1 
take"  and  ''be8t-ui>on-trust"  systems,   so  much  used  bjFJ 
agents,  who  are  afmid  that  their  employers  will  blame  th* 
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for  the  occasionally  higli  wages,  which  mmt  sometimes  occur, 
if  i^uch  contracts  ai-e  made  in  a  fair  and  unalterably  decided 
manner. 

4.  3Ifm(kl}/  or  certain  lonfi-disianee  contracts  should  be  made; 
land  that  miserable  system  of  *' two  fathom.^  ()r  the  mouth'* 
1  fihould  be  forever  excluded  from  eetting-bookij. 

It  is  but  a  ^^^ make-up''  convenience  for  (he  agents  to  regulate 

*  prices  at  the  men's  expense^  wko^  Imng  thus  defrauded  of  trage^  so 

honestlt/  won  by  change  of  ground  and  hard  work^  become  dis- 

[ffusted;  and  what  bears  the  name  of  contract  is  but  mere  burlesque, 

and  is  worse  than  inontkh/  pay. 

^      5.  Stoekholders  should  select  good  agents,  and  never  blame 

V^hem  for  such  unavoidable  figures,  for  they  but  rob  tliem- 

Belves  by  such  conduct. 

SsTTiNa  Days.  —  In  the  Cornish  mines,  the  meaaureraentfl 
arc  maiie  for  the  past  month,  and  the  contracts  for  the  sink- 
ing of  the  shafts,  driving  levels,  and  stoping  the  gn>und,  are 
let  at  the  end  of  the  working  montb,  on  the  **  paying  day  *'  for 
the  work  performed  during  the  month  that  precedes  this  ;  so 
that  one  rnontirs  pay  is  thus  kept  in  hand,  to  serve  as  secu- 
rity lor  faithful  performance  of  engagements,  and  to  attbrd 
the  clerk  an  opportunity  for  posting  hie  accounts  during  the 
interval,  from  measurements  and  general  particulars  obtained 

•  from  the  agents. 
These  setting  days  for  the  future,  and  paying  days  for  the 
paat  works,  are  generally  on  Saturday,  but  sometimes  on 
Friday,  as  governed  by  the  first,  second,  third,  or  fourth  Sat- 
urday or  Friday  in  the  month ;  so  that  the  third  time  of  pay- 
ing  becomes  five  weeks, 
K      To  prevent  uiniecessary  extravagance  or  retention  of  mate- 
^LjialSy  they  are  aui»plied  to  the  different  contractors  at  a  price 
^pMmiewhat  above  their  real  cost  or  value,  and  the  quantities 
used  are  to  be  deducted  from  thuir  total  amounts,  as  derived 

Pfrom  ground  broken  under  contract.  So  the  smitli's  cost, 
serves  to  prevent  willful  hluntingof  drills  ;  as  whim*drawing 
charges,  compel  them  to  fill  their  kibbles  and  work  in  a  more 
judicious  manner. 

To  provide  funds  against  accident  to  limb  or  life,  for  the 
workman  or  his  survivors,  each  mine  iu  Cornwall  has  a  club, 
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into  which  every  man  is  eompelled  to  pay  one  shilling  per 
month,  which  ie  alao  deducted ;  for  tins  sum,  he  obtains  tljt^ 
services  of  a  doctor,  or  the  family  hia  coffin,  and  some  £10  for  ^ 
burial  expenses,  and  assistance  at  the  burial. 

It  will  he  quite  an  advantage  to  (he  miners  of  this  country  to 
ftave  a  simifar  institution  in  the  permanent  mines;  ds^  by  paying 
say  $1  per  months  they  may  be  provided  with  assistance  in  Umg  j 
necessity  J  and  have  their  last  rites  duly  and  respectably  performed, 

Payino  Dayb — Are  arranged  for  the  afternoon  of  the  8 
day  as  that  for  the  measurement  for  past,  and  letting  of  future^ 
contracts,  so  that  no  unnecessary  waste  of  time  may  result  J 
therefi^om. 

Each  contractor  18  provided  with  a  full  statement  of  accounti 
for  ground  broken,  and  deductions  made  under  contract ;  and  i 
at  the  time  each  man  {boy  or  girl)  is  paid,  the  clerk  or  purser 
marks  t>n  the  cost  book  this  fact,  opposite  the  respective 
names,  for  future  reterence,  until  all  are  paid* 

The  small  merchants'  bills,  carriers,  whim -drawers,  etc., 
are  lai?tly  paid  in  similar  manner. 

It  has  been  the  invariable  practice,  during  the  past,  to  hava 
a  dinner  provided  for  these  occasions,  at  the  cost  of  the  pn>-l 
prietors;  which  is  still  held  to  be  good  for  both  the  minc»*l 
and  agent's  interest,  as  well  as  for  visitors  who  may  be  ther 
on  pleasure  or  business. 

This  dinner  is  cooked  and  spread  by  the  '^accoant-hoaea 
woman,"  who  should  be  an  expert  in  the  substantial  matters 
of  this  auspicious  day,  and  be  generally  useful  during  every  j 
lesser  day  of  the  month,  for  tlnngs  in  general;   but,  morej 
particularly,  for  washing  the  *' captains' '*  characteristic  can- 
vas coat  of  snow-like  w^hiteness,  which  are  customary  annual^ 
perquisites  from  the  company,  for  which  they  are  proudly  j 
grateful. 

These  dinners  were  originally  iutmduced  as  a  means  for 
both  entertainment  and  technical  discussion,  for  elimination 
of  useful  information  and  errors  in  connection  with  the  work- 
ing of  the  mine;  but  it  is  seldom  turned  to  this  account  in 
modern  times,  as  the  after*dinner  discussions  are  swer\-ed  for 
toasting  the  local  or  visiting  worthies  that  smile  on  the  superiorj 
punch  as  made  and  supplied  by  their  presiding  manager. 
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Account  Days — Are  similar,  but  larger  and  more  select 
meetings,  of  the  agents  and  stockholders,  which  are  held  in 
copper  mines,  at  two,  foar,  and  six  months  apart;  and  in  tin 
mines  quarterly  or  half-yearly,  as  governed  by  the  periods  of 
the  sales  of  copper  or  tin. 

At  these  meetings,  all  practical  and  financial  matters  are 
discussed,  and  what  shall  be  done  for  the  future  is  deter- 
mined; and  either  money  is  provided  by  "call"  or  assess- 
ment, or  dividends  are  declared,  as  the  audited  accounts  and 
state  of  the  mine  may  warrant. 

The  site  of  the  "account-house"  or  oflSice  should  be  such 
that  the  windows  shall  command  a  full  view  of  the  surface 
laborers,  who  will,  so  far  as  they  know,  be  thus  continually 
overlooked  by  the  agents. 

The  most  convenient  and  economical  way  for  providing  a 
suitable  office  is  to  combine  the  carpenter's,  pitman's,  and 
smith's  shop,  as  well  as  the  store -house  and  iron-yard,  there- 
with, in  one  run  of  buildings. 

The  smith's  shop  will  be  better  built  at  the  one  end;  its 
roof  should  be  supported  by  occasional  pieces  on  the  walls, 
so  that  the  vitiated  air  may  have  free  traverse  from  within  to 
without,  for  better  ventilation. 

The  iron -yard  should  be  next;  then  the  pit  and  timber- 
men's  house,  the  upper  floor  of  which  may  be  used  as  a  store- 
room, which  should  have  the  general  entrance,  as  well  as  a 
door  from  the  office. 

Then  the  other,  or  last  end  ground  floor,  may  be  used  for 
carpenter's  shop,  which  should  also  have  a  saw-pit  in  the 
middle,  to  run  its  entire  length,  and  a  small  hole  in  the  end- 
wall,  for  passing  long  timbers,  during  the  sawing. 

The  office  conveniences  may  be  on  the  long  upper  floor  of 
this  part  of  the  building. 

A  small  house  should  be  built  on  some  remote  and  sate 
site,  for  powder  magazine. 
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CHAPTEK    X. 


THE  MOST  IMPORTANT  AND  MORE  FREQUENTLY  RECDRRING  ERRORS 
IN  MINING,  WIIICU  MAY  BE  MORE  EASILY  AVOIDED  TRAK 
COMMITTED* 

It  has  been  the  practice  of  imvigators  to  record  and  chart 
the  latitude  and  longitude  of  diiiigerou8  shoals  and  rocks, 
unusual  currents  of  water,  the  peculiar  periodical  constancy 
of  winds,  and  the  variations  of  the  magnetic  needle,  for  the 
better  guidance  of  future  voyagers  over  this  world's  waters: 
for  it  is  a  comparatively  ea^y  matter  to  warn  all  from  what 
they,  as  intlividuals,  have  seen,  and  thereby  teach  others  lo 
.avoid  such  treacherous  ground. 

It  is  just  as  easy  for  the  miner  who  has  observed,  duriDg  A 
life,  many  shoals  and  rocks  of  error,  to  erect  a  few  beacons, 
so  that  future  miners  may  not  run  recklessly  to  ruin,  for  waul 
of  knowledge  of  such  as  should  be  carefully  avoided- 

The  following  observations  are  recorded  with  an  intention 
to  do  good  to  this  young  mining  country,  in  the  easiest  po§* 
sible  inamier,  and  are  given  for  the  consideration  of  thoae 
who  do  not  already  kin>w,  and  for  the  guidance  of  such  who 
may  wish  to  avoid  the  tof>  frequent  errors  of  the  past.  • 

THE  MOST  IMPORTANT  AND  MORE  FREQIENTLY  RECURRING  ERROR? 
WHICH     HATE     BEEN     COMMITTED    IN    THE    MINIKO     OF   OLB 

COUNTRIES, 

1,  DrtviHij  level  afkr  level  at  an  mwea^onably  shallow  depths 
where  minerals  cminot  be  reasomiblt/  expected, 

A  close  examination  of  this  subject  will  show  that  raort 
money  has  been  foolishly  expended  in  this  connection  than 
in  any  other  manner. 

After  the  adit  or  drainage  level  has  been  driven,  for  the 
purposes  of  exploration  and  drainage,  no  other  level  should 
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be  extended  until  you  really  get  your  shaft  deeper  than  where 
the  other  mines  of  the  district  have  produced  mineral ;  for  you 
have  less  water  to  contend  with  in  sinking,  do  not  waste 
money  in  driving  through  poor  shallow  ground,  but  keep  it 
for  the  more  substantial  trial  of  the  vein  at  proper  depth; 
where,  if  you  should  find  that  the  mineral  rises  higher,  so  much 
the  better,  for  you  have  it  in  the  best  possible  position  for 
working,  as  well  as  a  reserve  for  the  regulation  of  returns. 

2.  Too  irvany  levels  hive  been  very  often  driven  through  uyimin- 
eralized  ground. 

Where  ground  is  not  known  to  be  mineralized,  it  is  folly 
to  drive  every  level  for  exploration  of  distant  wings;  so,  also, 
when  a  distant  wing  is  known  to  contain  a  run  of  ore  ground, 
occasional  levels  should  be  only  driven  for  drainage  and  venti- 
lation, when  more  frequent  levels  for  convenience  in  working 
the  ore  may  be  driven  from  the  central  winze  that  has  to  be 
sunk  for  commanding  such  shoots  of  mineral. 

3.  The  had  practice  of  driving  ten  fathom  levels  has  been  almost 
universal,  even  in  hard  ground. 

When  it  is  known  that  every  level  must  have  its  railway 
and  "tip-plat,''  ventilation  facilities,  timber,  cistern  and 
cistern- plat,  pump  appliances,  etc.,  with  the  consequent 
delays  for  driving  the  levels  and  of  sinking  the  shaft,  it  must 
be  admitted  that  the  less  frequently  they  occur,  the  better  it 
will  be  for  the  economical  working  of  mines. 

Now  fifteen  fathoms  may  be  sunk  by  hand  windlass  power, 
and  one  hundred  and  fifty,  or  even  three  hundred  feet,  by  a 
suitable  air  or  water  machine,  as  alluded  to  in  the  preceding 
chapter. 

The  compressed  air  reservoir  for  the  working  of  this 
engine  may  be  placed  at  the  surface,  and  be  filled  by  any 
machine;  or  may  be  underground,  and  supplied  from  a  pump 
that  can  be  worked  from  the  main  pumping  rod.  It  will 
have  the  advantage  of  providing  ventilation  by  its  discharge 
of  air  during  work. 

The  water  machine  could  be  supplied  with  its  pressure  of 
water  from  the  pump's  column,  as  stated  in  the  chapter  on 
"Deep  Mining." 
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4.  Shifts  in  improper'  positions, 

Suelj  errors  are  frequent,  and  where  allowed  to  contiB 
uucorrci'ted  bj  other  acciiratel}  placed  shafts,  great  IcwiMi 
have  resulted  from  mines  which  should  have  given  profits* 

Immediately  this  error  beeoiiiea  known,  it  should  be  cor- 
rected; for  each  day  of  delay  increases  its  heavy  penalty. 

5.  Unnecessart/  vertical  shafts* 

Well  arranged  vertical  aliafts  are  beneficial;  but  they  have 
been  often  used  under  circumstances  where  they  were  unmceS' 
5ary,  and  positively  ipjurious^  for  the  speedy  and  economiciil 
development  of  mines;  more  particularly  such  veins  as  were 
embedded  in  hard  rock.  The  ancient  advantage  for  kil^bUs 
fias  passed  away  before  the  modern  shaft  railway^  which  applies 
almost  as  well  on  the  incline  as  tlie  vertical. 

The  disadvantages  of  tlie  vertical  sbatl  are  serious,  for 
mueh  more  speed  of  exploration  can  be  made  by  the  diagonal  shaft 
on  the  vein  itself  than  by  the  veitical  jshatl  through  the  coiia- 
try.  The  diayonal  vein  can  be  sunk  on  much  faster ;  the  lotie*i 
indieatins,  and  actual  value  are  seen  daily;  and  not  only  «ifl 
corners  and  cross-cuts  are  saved,  but  straight-forward  trammnji 
of  the  rock  from  all  the  leveU  and  sfopes  is  obtained. 

It  is  therefore  evident  that,  vertical  nliafts  should  generally 
take  the  lode  at  about  where  the  mineral  becomes  profitable 
in  the  vein,  when  the  vortical  part  is  required  for  proper 
attachment  to  the  pumping  engine;  but  for  dry  miningt 
when  not  required  for  this,  it  had  better  follow  the  vein  in 
direct  line  from  the  i^urfacc. 

The  exceptions  will  be,  where  a  deep  new  shaft  is  required 
for  increased  facilities  for  puarping  the  water^  and  hoisting  the 
mineral  from  a  welt  ascertained  large  quantity^  where  the  coun- 
try rock  is  sufficiently  sott;  or  in  coal  mines,  when  the  proof 
of  the  seam  is  deeper  or  of  horizontal  attainment,  and  vei^' 
large  quantities  of  coals  have  to  be  hoisted  on  one  or  more 
movable  loaded  cars, 

*j.  Mininff  in  districts  which  are  notorious  for  poverty. 

It  has  l>een  an  oflen  repeated  folly  to  expend  much  money  ^ 
in  working  mines  that  are  quite  outside  of  mineral  belts  and^ 
basins,  and  which  are  surrounded  by  worthless  mines. 
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7.  Mining  too  closely  to  immense  deposits. 

Many  immense  mineral  prizes  have  been  discovered  in 
different  parts  of  the  world,  and  in  almost  every  instance 
as  much  or  more  money  has  been  wasted  immediately  around 
them  than  the  great  mines  ever  produced  of  profits. 

As  all  of  the  mineral  cannot  be  deposited  in  one  place,  a 
sufficient  space  should  be  supposed  to  intervene  between  it 
and  the  next  deposition. 

8.  Too  lUile  deep  cross-cuiiing  for  side  lodes,  in  the  systems  of 
*^  true  fissure  veinSy'  before  the.  abandonment  of  m/iin  workings. 

Many  instances  have  occurred  where  immense  riches  have 
been  missed  for  want  of  a  trifling  outlay  for  this  purpose, 
when  veins  were  even  supposed  to  lie  unexplored. 

9.  The  re-working  of  very  deep  and  extensive  old  mines,  which 
have  given  immense  profits  in  former  working. 

It  is  grievous  to  notice  how  much  has  been  expended  for 
this  purpose,  during  the  last  twenty  years,  in  Cornwall,  by 
distant  shareholders,  who  have  been  badly  advised. 

In  the  name  of  Fortune,  what  could  they  expect  to  realize  ? 
For,  in  the  first  place,  they  knew,  or  ought  to  have  known, 
that  the  mine  was  poor  when  abandoned ;  secondly,  that  the 
cost  for  pumping  out  the  water,  preparing  for  hoisting,  and 
extending  the  shafts  and  levels  to  discover  and  lay  open  new 
profitable  ground,  would  equal  the  full  value  of  a  first-class 
mining  prize;  thirdly,  that  the  chances  were  very  much 
against  them;  and,  fourthly,  that  immense  bunches  seldom 
lie  in  very  close  proximity. 

10.  FaiOdess  t^nor  of  contracts;  smh  as  one,  or  one  and  a  half, 
or  two  fathoms;  or  the  month. 

Which  means,  in  the  first  place,  that  at  the  price  given  per 
&thom,  if  the  men  should  drive  more  than  the  distance  (of 
say  one  fathom)  during  the  month — which  they  should  under 
ordinary  circumstances  do  —  the  agent  has  the  power  to  put 
his  own  price  on  the  remaining  distance  driven,  so  as  to 
modify  the  total  figures. 

Contracts  should  give  unrestricted  show  to  the  men  for  at 
least  one  month's  duration,  whether  it  is  for  or  against  the 
mine,  if  you  would  hasten  development. 
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11.    Want  of  proper  accommodation  for  men. 

In  wet  mines,  oveiy  fiieility  fihoiild  be  aftbrded  the  rnenilor 
drying  their  clothes,  Ibr  wet  clothes  endanger  their  heulthfi, 
and  make  them  dissatinfied,  so  that  neither  lair  labor  is  por- 
tbrmed,  nor  good  men  retained  on  the  mine. 

There  is  hut  one  kind  of  drying  apparatus  tliat  is  econoin- 
ieal  for  tbe  mine,  and  efficient  or  safe  for  the  men,  which  is 
simply  a  Bmall  and  uncovered  steam  boiler,  which  is  provided 
with  a  safety  valve,  to  give  a  slight  pressure  and  prevent  the 
escape  of  any  vapor,  as  created  by  a  fire  that  is  too  small  for 
generating  sufficient  steam  to  escape  at  the  valve.  The  fire 
requires  very  little  attendance,  and  the  exterior  of  the  boiler 
will  never  become  sufficiently  hot  to  burn  the  clothes. 

V2.  liiferior  koistint]  machines^  with  chains  and  kibbk^,  or 
buckets,  instead  of  iron  or  hemp  rope,  and  shaft  railicai/s. 

A  large  majority  of  the  Cornish  hoisting  engines  are  thtwd 
with  four  valves  (tw^o  for  steam,  and  two  for  exhaust),  which 
do  not  cut  off  the  steam  at  a  part,  for  expan^ioH,  but  carry  it 
the  whole  stroke;  and  therefore  there  is  neither  ecoiiomjr 
from  expansion  of  steam,  nor  from  the  lessening  of  triction 
by  the  use  of  the  superior  shaft  railway  and  rope, 

18*    Unneccssan/  repetition  of  machinerij. 

The  first  pumping  engine  is  often  too  small  for  the  econom- 
ical pumping  of  water,  3<»  tluit  another  has  to  follow  as  depth 

attained,  and  sometimes  a  third;  with  these  esctra  expanses 
for  macluMery  and  delays,  a  good  mine  has  frequently  becu 
made  nnprotitable. 

14.  IJeficieney  of  an  underfjround  hoiMing  machine  power. 

Manual  power  for  boistiiig  of  w^ater  and  rock  is  most  \^' 
equate  fur  the  requirements  of  the  miner;  as,  for  the  reasoM 
given  in  the  ehai>ter  on  ''  Deep  Mining/'  it  bridles  e:cpc*di- 
eucy  in  general  ojterations,  and  exhausts  the  men. 

15.  The  evils  of  climbing  ladders^  and  lack  of  man-engines^ 
There  has  been  far  too  little  attention  paid  to  tlie  elevatioo 

of  men  fnmi  deep  mines  by  mechanical  power,  from  either 
want  of  consideration,  or  a  kind  of  bravado  of  agents*  wto 
can,  of  course,  climb  the  laddei's  easily  enough^  because  ili^ 
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the  only  exercise  they  get  to  keep  them  healthy.  The  poor 
miner  has,  however,  to  economize  sufficient  strength  to  ena- 
ble him  to  reach  the  surface,  after  he  has  performed  his  labo- 
rious task  of  eight  hours*  work;  and,  consequently,  the 
amount  of  work  done  has  to  be  very  much  less  than  it  could 
be  if  he  were  sure  of  being  hoisted  to  the  surface,  after  its 
performance,  by  machine  power. 

16.  Insufficient  working  capital. 

Where  insufficient  capital  is  known  to  exist,  the  merchants 
charge  more  for  the  extra  risk,  the  agents  cannot  buy  at  the 
cheapest  market,  the  men  do  less  work,  and  the  worst  men 
only  can  be  obtained;  which,  coupled  with  insufficient  appli- 
ances, cramp  all  economical  operations  of  market  and  mine. 

17.  Injudicious  purchases. 

All  materials  should  be  supplied  by  contract,  and  not  be 
purchased  from  price-lists,  irrespective  of  fair  value. 

18.  Merchant  and  store-keeping  sfuzreholders. 

The  economical  development  should  not  be  deranged 
because  a  merchant  has  contrived  to  become  a  shareholder, 
whether  his  shares  be  many  or  but  few,  as  the  other  innocent 
holders  are  robbed  in  proportion  to  their  interests,  whilst  the 
mine  sufters  to  the  full  extent. 

19.  Purser's  perccntof/e  from  merchanUi. 

This  injurious  practice  should  be  deprecated;  for,  no  mat- 
ter how  bad  the  goods  may  be,  nor  how  much  the  [practical 
manager  may  deplore  the  fact,  the  financial  wires  will  over- 
turn the  best  public  purposes,  for  private  gains. 

20.  Captains'  white  coats. 

It  is  a  most  ridiculous  practice  to  put  white  jar'kets  on 
agents;  for  itumediately  they  heave  in  sight,  tln^y  become 
the  "observed  of  all  observers,"  and  thus  afford  the  very 
ready  and  more  certain  means  for  ''skulking." 

21.  Deji^ie/'xy  of  rffectice  underground  atjintH, 

In  large  mines,  underground  agents  shouM  be  ap)»ointed 
for  each  shift,  so  as  to  really  Htay  below,  for  nion;  cloHcly 
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watching  the  operations  and  changes  of  both  "tut-work" 
(contracts  on  ground),  and  ** tribute'*  (percentage  of  value). 

22.   The  account-housCj  or  office^  too  far  atcay^  or  qnUe  nut  of 
jht  from  ike  operations. 

The  windows  of  the  agenta'  house  should  command  u 
much  of  the  operations  as  possible,  for  it  naturally  keeps  the 
operators  more  steadily  at  w^ork,  as  tbey  are  fully  aware  tliat 
you  can  see  them,  when  they  cannot  see  you, 

TUE    MOST    IMPORTANT    ERRDES    OF  AMERICAN    MINERS, 

In  addition  to  some  of  the  mistakes  made  by  Olci  Country 
miners,  the  people  of  this  country  liave  run  into  erroi-s  of  an 
entirely  novel  character.  Mining  has  been  to  some  extent 
over-acted  there;  whilst  here,  premature  milling  and  smelt- 
ing have  created  many  an  unnecessary  faihire*  and  conse- 
quent dislike,  from  such  people,  for  even  legitimate  mining. 

The  following  may  be  held  up  for  continual  remembrance, 
80  as  to  lessen  future  losses. 

1.  Mining  in.  (he  market 

This  is  more  destructive  than  all  other  follies,  for  it  loweru 
this  substantial  business  for  the  worst  purposes;  builds  "ca*- 
ties  in  the  air/'  at  the  expense  of  legitimate  mining;  for  no  ■ 
honest  citizen  can  readily  know  the  one  from  the  other,  until 
he  finds  his  cash  is  buried  in  the  foul  catacombs  of  sach 
mines.  Thus  bitteOj  he  becomes  vindictive,  and  bis  future 
life  is  devoted  to  one  contitiual  howl  against  mining,  when 
the  miner  had  nothing  to  do  with  him  or  bis  losses. 

2.  Milling  and  smelting  prematurely. 

Mills  are  often  introduced  by  market  miners  to  blind  the 
stockholders  and  the  outside  public,  fix)ra  whom  tbey  would 
have  still  more  victims* 

In  this  country,  however,  the  more  straightforward  miners 
have  in  very  many  instances  sent  forward  mills  in  ridiculous 
baste,  before  they  knew,  or  even  endeavored  to  know,  if  the 
vein  existed,  or  continued,  for  quantity  or  quality  of  mineral. 

In  fact,  the  rule  has  been  to  erect  them  as  assay ingj  not 
reduction  works. 
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8.  ^Far  too  Utile ^  of  mining. 

In  all  mineralized  veins,  the  quality  aud  quantity  varies 

very  materially  in  diftorent  Keetions  tliereof,  so  that  shafts 

and  levels  should  he  sunk  and  driven  for  the  expositiou  of  the 

ein;  for  it  cannot  he  expected  to  expose  its  V»est  in  the 

hance  surface  eroppinn^s.     80^  too,  when  found  mineralized 

in  profitable  qnantity  just  where  you  are,  it  sliould  be  further 

xplored,  to  ascertain  its  extent,  before  mills  or  smelting 

orks  are  obtained  or  erected  for  its  reduction;  or  the  costs 

of  such  unnecessary  means  will  be  entirely  wasted. 

Yon  cannot  lose  by  waiting,  nnder  any  circumstances ;  and 
in  ease  of  saccesn,  ample  reserves  will  greatly  favor  the  real- 
ization from  the  mine. 

14,  Too  much  transverse  shallow  iumieUing  throiigh  bed-roeh 
Veins  should  be  always  tested,  as  much  as  possible,  by 
drivintr  thereon,  as  each  foot  is  then  proven.  It  \^  generally 
much  easier  to  sink  or  dri%'e  on  the  vein  than  transversely 
through  the  rock.  There  are  but  few  instances  where  cross- 
tutmels  can  be  made  to  prove  or  work  veins  cheaper  or  better 
than  might  have  been  accomplished  upon  their  course; 
unless  it  is  done  to  obtain  greater  depth,  or  to  deliver  rock 
to  a  better  or  more  convenient  dressing  or  reduction  site. 

5,  III -contrived  pumping  emjims. 

There  is  no  pumping  engine  that  can  approach  to  the 
Cornish,  either  for  efficiency,  durability,  or  economy;  and 
therefore  the  rotary  engines  should  be  discarded  tor  alt  heavy 
or  deep  pumping  works, 

6.  Sinffle^  imbalanred  rope,  hois(in{f  engines. 

This  single  hoisting  is  palpably  wasteful  of  power  and  fuel; 
for,  in  lowering  the  car  by  the  brake,  all  the  retarding  force 
is  wasted ;  as  it  might,  by  douhle  or  fjalancrj  draught,  be  econ- 
omized tor  hoisting  the  ascending  car,  either  in  the  same,  or 
in  anortier  shaft.     The  load  of  the  engine  being  also  lessened 

■thereby,  a  greater  economy  is  realized  from  a  superior  degree 

H>f  expansion. 

"    7.   Concealing  of  rcgulur  staiements  of  the  working  operations, 
and  the  financial  expenditure^  from  (he  public. 

In  the  working  of  mining  properties,  it  is  highly  desirable 
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aiul  (if  legitinmcy  ib  heeded)  it  is  also  beneficial  to  {.nihTBT 
periodical  statements  and  reports  for  the  observation  of  the 
shareholders,  as  well  as  the  public,  who  may  become  sueh, 
if  atlbnied  fair  show ;  as  they  can  then  measure  the  merit* 
of  the  ftne  property  with  the  other,  and  buy  from  their  own 
judgmeot. 

This  would  lead  to  the  benefit  of  legitimate  mining,  by 
avoidance  of  the  unworthy,  and  foster  an  increasing  desire 
for  such  i  lite  reciting  enterprisie. 

8.  Too  inuch  reliance  on  seienUfic  atlainments,  and  fin  unac^ 
coujikMc  disregard  for  pradmil  abiliiy  and  cxpei^lencc* 

The  practieal  man  may  be  relied  on,  and  strengthened  by 
sufficient  science;  whilst  the  mere  scientist  should  be  avoided 
in  this  ] peculiarly  practical  business. 

!♦.  Hiiih  price  of  all  kinds  of  labor. 

I  would  express  ray  view^s  on  this  subject,  for  the  good  of 
my  friendSj  the  miners,  w^ho  will  doubtless  see  the  plausi- 
bility of  my  reasonings. 

There  are  many  duties  in  the  surface  department  of  miuing 
that  can  and  should  be  perfonned  by  cheap  labor  of  some 
kind,  such  as  boys,  etc,  etc. 

There  are  many  veins  in  Califoraia  wdiieh  cannot  be  profit- 
ably reduced  by  higli-priced  labor;  but  if  the  surface  duties, 
for  dressing,  tramming,  milling,  etc.,  were  lessened,  they 
could  be  w^orked  at  a  profit;  and,  if  so,  more  w^ork  would  b« 
thereby  created  for  the  higher-priced  skilled  miner. 

Take  the  cheap  surtace  labor  from  Cornwall,  all  its  mio^ 
would  be  stopped,  and  the  very  occupation  of  miner  be  but 
in  name* 

Replace  its  cheap  labor,  the  mines  would  be  re-workedr 
and  the  miner  henelited. 

The  same  principle  applies  here,  and  liundreds  of  veios 
now  uuwrought  can  be  thus  worked  at  a  profit, 

10.  Partialiti/  for  }iew  ifirenltons^  and  too  much  disreff^ird^  J^i 
the  well-tried  7tiacMnes  of  old  iniimg  countries* 

The  inventions  and  applications  of  the  past  sliould  ^  \ 
known  and  remembered  by  inventors,  and  well  proved  mo^^ 
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be  oded  bv  miDers,  instead  of  re-oommencing  to  improve  in 
an  old  bosinesd,  in  a  manner  as  if  the  whole  a£Bdr  had  begnn 
jnst  here. 

It  i$  also  liable  to  prevent  the  use  of  old  machines  and 
ideas,  that  should  be  common  prop*erty  of  alL  bv  such  men's 
uneqidiaUy  obiairud^  paicnUd  claitm.  which  are  difficult  to  set 
aside. 

11.  Irtexperlenctd.  incohjruous  ^uperinlcikdenU. 

Few  men  would  be  willing  to  take  passage  in  a  ship, 
if  thev  knew  that  she  was  commandel  by  a  dry-gc^>is  clerk, 
or  other  novice,  who  had  not  i»reviously  obtained  s*'jme  nau- 
tacal  knowledge  and  experience;  yet  many  instances  have 
occurred  where  the  much  more  difficult  business  of  mining 
has  been  superintended  by  su«--h  like  men.  who  were  utterly 
unacquainted  with  the  various  duties  appertaining  thereto. 

Although  these  men  have  neither  iroviU  s^upavrnt^,  practi- 
eal  ability^  nor  ixperiokCK^  they,  generally  speaking,  possess 
some  natitral  fo^rdiUj^  or  ixUrior  fa^ciroitiort,  which  procures 
them  conjifjUrtct  at  sigU;  and  still  manage  to  sustain  them- 
selves with  superlative  audacity,  by  placing  their  contempti- 
ble feet  on  the  shoulders  of  the  very  men  from  whom  their 
best  information  was  either  l:K>ught,  l>orrowed.  or  stolen, 
during  their  C'»minued  struj^gles  to  keep  their  p^jsitions  bj 
this  especial  hoo*lwinking  of  their  employers,  who  actually 
pay  them  for  doin^  s^j. 
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SECTION   V. 

METALLURGY. 

CHAPTER    I. 


ROASTING. 

ROASTTNC}  OF  PECULIAR  ORES,  TO  REDUCE  THEIR  WEIGHT,  FOtt 
CHEAPER  CONVEYANCE  TO  THE  MARKET.  — ROASTING,  AKP 
PARTIAL  SMELTING,  FOR  REGULUS,  —  ROASTING  FOR  THI 
SEPARATION,    AND    PROCURATION    BY    CONDENSATION,    OF  TUB 

VOLATILE     ELEMENT,     IN     MARKETARLE    PURITY. ROASTISa 

REFRACTORY  ORES,  PREPARATORY  TO  PLATTNER*S  CHL0RI5A* 
TION  METHOD  FOR  EXTRACTION  OF  HOLD.  —  ROASTING  ANU 
CHLORINIZING  ORES,  FOR  MORE  EFFECTIVE  MILLING. ^ — ROA)?r- 
ING  INSOLUBLE  ORES,  FOR  MORE  EFFECTUAL  CHEMICAL  RBDITO- 
TIONS,    BY    VARIOUS    HUMID    PROCESSES, 

Section  IV  completed  the  miner's  avocation,  as  generally 
understood  and  pnictised  in  the  old-settled  coiintriei^,  where 
division  of  labor  i^  more  judiciouslj  applied  for  obtaining 
the  greatest  possible  advantage  for  economical  realizatiotu 
under  free  trade  international  competitions. 

In  new  eonntries,  which,  for  local  requirements,  are  worlds 
in  themselves,  unusual  means  may  be  smnetimes  resorted  to^  for 
considerable  advantage;  and  these  will  be  described  in  th' 
following  chapters  of  this  Section,  on  Metallurgy,  for  Buohj 
express  purposes. 

In  these  connections,  it  may  be  now  most  advantageous  to 
coDBider  why  the  miner  should  more  generally  prefer  selling 
his  concentrated  ores,  to  ere?ifar-disian(  metallurgical  compi 
nies,  rather  than  completing  their  reductions  on  the  mine? 
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And  why  this  cannot  be  deviated  from  with  some  minerals, 
and  complicated  mixtures  of  minerals,  with  impunity,  where 
greater  profits  and  economy  are  the  essential  objects  to  be 
obtained? 

Take  as  an  example,  for  palpable  illustration  of  this  sub- 
ject, any  one  of  the  large  smelting  works  of  South  Wales, 
which  are  located  either  in,  or  close  to,  the  coal  and  metal- 
supplying  sea-port  towns,  which  have  steadily  increased  in 
size  and  importance,  to  accommodate  the  vast  requirements 
of  these  gigantic  firms,  who  have,  in  a  manner,  educated  the 
whole  community,  of  men,  women,  and  children,  to  suit 
their  peculiar  manipulative  purposes,  for  the  production  of 
coals,  and  reduction  of  minerals,  to  supply  the  metals  to  the 
whole  world. 

They  have  started  from  the  very  commencement  of  modern 
Metallurgy,  and  have,  from  their  own  and  other  people's 
inventions,  so  improved  the  chemistry  of  smelting,  and 
secured  the  general  confidence  of  the  commercial  world,  that 
they  can  both  command  and  suppl}'  all  markets,  for  the  fol- 
lowing most  salient  reasons. 

1.  They  have  the  most  skillful  supervisors  that  can  be 
obtained. 

2.  A  superabundance  of  capital. 

3.  An  ample  supply  of  cheap,  educated  operatives. 

4.  Coals,  fire-clay,  and  brick,  of  the  finest  quality,  at 
merely  nominal  prices. 

5.  Natural,  costless  chimney  draught,  and  "  reverberatory 
furnaces." 

6.  Many  furnaces,  for  occasional  repairs  when  required, 
and  for  the  difterent  treatments  of  peculiar  ores. 

7.  Regular  and  cheap  (return  freight)  supplies  of  all  the 
varieties  of  mineraln  and  matrices,  from  all  parts,  at  home 
and  abroad. 

8.  Systematic  choice  and  assortment  from  all  ores,  to  suit 
the  ore  that  is  being  smelted,  so  as  to  improve  the  refractory 
by  a  more  fusible  and  smeltable  ore;  or  to  enrich  a  smeltablc 
lead  by  non-smeltable  gold  or  silver  ores;  or  by  adding  anti- 
luonial  ore  to  lead,  to  produce  more  alloy,  for  peculiar  mar- 
Icets;  or  adding  one  constitutional  form  of  ore  to  another,  to 
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produce  certain  chenjical  changes  that  may  be  desired  duni 
roasting,  etc, 

9.  Smelting  some  tractable  ores  for  pure  metala,  to  sapplyl 
ae  8Uch, 

10.  Smelting  other  more  mixed  and  retVactory  ores,  fori 
certain  other  nuirkets,  where  purity  is  not  essentiah 

11.  Smelting  mixed  minerals,  for  alloys,  to  be  sold  as  suchj 
for  certain  purposes,  as  copper  mixed  with  tin  or  zine,  ftwj 
bell  raetah  bearing  brasses,  brass,  etc. 

12.  Humid  reductions  for  the  separate  simultaneous  pre^l 
cipitations  of  the  artificial   and  marketable  base  minerals, 
and  the  silver  and  gold,  for  their  inflividual  markets. 

13.  A  perfect  knowledge  and  coniniand  of  all  the  various] 
requirements  of  trade,  as  well  as  where,  and  when,  required;  j 
which  is,  in  itself,  an  ainazing  advantage. 

These  are  some  few  of  the  reasons  why  the  miners,  and 

even  metallurgists,  of  this  country,  will  not  be  able  to  com- 
pete with  such  tirras,  in  the  reduction  of  refractory  minerals 
into  metals.     The  cost  of  ocean  freight  (supposing  the  miner] 
obtains  a  reasonable  ami  just  price  for  bis  ore)  is  a  mere  ^ 
ciplier  against  such  advantages,  coupled  with  your  disadvan- 
tageous cireumstauees. 

In  many  cases,  it  will  therefore  be  mucli  better  to  reduce 
the  weight  by  suitable  means,  as  will  be  described,  for  cheaper 
eonveyance  by  land  and  water,  than  to  complete  the  whole 
reduction  into  metal,  on  the  mine 

The  many  other  adverse  local  reasons  need  not  be  por- 
tra^'ed,  as  they  are  ah'eady  sufficiently  well  known  to  those 
mining  and  business  men  who  liave  too  hastily  endeavored 
to  run  such  unequal  i-aces. 

The  low-grade  copper  ores  of  Cornwall,  which  average 
from  five  to  six  per  cent.,  are  not  smelted  in  the  mines,  but 
sent  to  South  Wales,  as  return  freight,  at  about  frnm  five  to 
six  shillings  per  ton,  in  the  vessels  that  bring  coals  for  the 
steam  engines  and  domestic  purposes  of  that  county. 

A  respectable  general  tirm  is  already  needed,  and  willj 
be  much  more  required,  in  the  City  of  San  Francisco,  for  thaj 
judicious  treatment  of  the  various  ores  of  the  Pacific  coast >J 
and  such  a  company  should  be  either  a  feeding  branch  of  om 
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of  these  larger  establishments,  or  be  fully  prepared  to  either 
sell  some  of  their  ores  in  crude  state,  simply  roasted,  or  par- 
tially smelted  into  regulus;  whilst  others  may  be  smelted 
into  commercial  alloys,  or  into  the  pure  metals,  for  the  diflfer- 
ent  markets. 

Such  a  firm,  if  well  and  honestly  conducted,  would  be 
mutually  advantageous  for  the  country,  the  miner,  and  itself; 
for  millions  of  tons  might  then  be  mined  and  sold,  by  com- 
paratively poor  men,  at  paying  prices,  which,  under  present 
conditions,  must  lie  unrealized. 

The  day  cannot  be  far  distant  when  such  an  establishment 
will  be  in  operation ;  but  it  will  not  be  complete  unless  it 
has  these  facilities,  and  also  the  milling,  chlorinizing,  and 
purely  chemical  treatments;  so  that  every  kind  of  ore  may 
be  beneficiated,  to  suit  all  circumstances  and  markets,  after 
the  best  possible  methods. 

These  different  operations  may  be  accomplished  by  small 
firms,  for  each  separate  manner  of  treatment;  but  lacking 
the  miner's  confidence,  and  the  above  general  advantages  of 
the  one  complete  establishment,  they  will  but  serve  the 
exceptional,  rather  than  the  general,  requirements  of  miners, 
for  some  direct  and  especial  object  of  the  local  manu- 
facturer. 

Lead,  that  also  contains  a  suflicient  amount  of  silver  or 
gold,  when  wood  is  plentiful,  may  be  occasionally  smelted  at 
a  profit,  on  the  mine. 

Notwithstanding  the  above  facts,  many  will  most  assuredly 
make  the  attempt;  but  few  will  succeed  (at  least  for  many 
years  to  come)  in  extracting  more  new  dollars  from  the  ore 
than  the  old  dollars  that  will  have  to  be  expended  in  the 
smelting  of  the  other  base  minerals. 

The  auriferous  sulphurels  of  California  may  be  considered  as 
of  but  secondary  importance  to  that  of  the  quartz  itself;  for  being 
directly  derived  therefrom  during  the  regular  milling  process, 
from  the  simple  concentrations,  the  heavy  resultant  residues 
of  sulphurets  of  iron,  copper,  j3tc.,  may  be  readily  roasted 
and  chlorinized  on  the  mine,  if  in  larfje  quantity ;  or  forwarded 
to  market  and  sold  at  fair  value,  for  the  gold  contained 
therein;  this  being  added  to  the  more  direct  and  primary 
amalgamated    returns   of  gold    from   quartz,    will    greatly 
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enhance  the  protits,  and  in  inaiiy  cases  realize  gain,  where 
1qb3  will  otlierwise  he  tlic  result. 

Supposing  tlie  time  (which  ift  necessarily  fast  approaclnng) 
has  arrived,  when  ^5  quartz  wtU  yield  good  protits,  if  pi^oper ' 
attention  is  paid  to  coni-entnition,  quartz  that  contains  hot 
one  percent  of  aiilphurcts,  wliicli  in  thenLselvea  carry  $500  of! 
gold  per  ton  (a  not  uncommon  produce),  it  will  be  seen  that 
they  contain,  even  at  this  small  percentage,  as  mnch  gold  us 
the  quaiij5  itself;  and,  at  two  per  cent.,  even  twice  the  vahie 
of  the  ([Ujrtz  from  which  they  were  concentrated. 

The  more  the  qunitz  veins  are  developed  in  depth,  the 
greater  will  he  the  general  pen*entage  of  such  sulphuret*; 
and  as  this  kind  of  mining  has  but  commenced  in  the  State, 
amazing  amounts  of  gold  can  and  should  be  extracted  there- 
from by  prelindnary  roasting,  chlorination,  etc.,  etc. 

For  the  foregoing  reasons,  and  the  fact  that  the  cost  of  car- 
riage of  even  these  luiroasted  sidphurets  is  trifling  aa  coiu- 
I>ared  to  the  gold  they  contain,  it  is  very  obvious  that  the  m 
miner  and  miller  require  a  market  for  such,  whetlior  it  be  1 
little  or  much  that  they  have  in  stock,  unless  tliey  have  suffi- 
cie!vt  quantity  to  warrant  the  necessary  outlay  for  treatment 
on  the  mine. 

Large,  well  arranged,  and  properly  conducted  roasting  and 
chlorination  w^orks  will  therefore  be  a  most  useful  local  aux- 
iliary for  the  development  of  quartz  mining  on  the  Pacific 
coast,  and  undouljtcdly  protitablc  to  those  vvlio  may  invest 
therein.  Such  may  be  established  at  San  Francisco,  or  any 
other  place  to  which  routes  for  conveyance  coneenti-ate,  and 
wdiere  labor  and  materials  are  sufliciently  cheap,  or  in  each 
large  mining  section. 

The  simultaneous  proiluctions  of  solpdmr,  sulphuric  acid, 
and  sulphates  of  iron,  should  not  be  forgotten  in  such  works, 
as  they  are  in  local  demand,  and  can  be  readily  disposed  ot 
at  Fair  prices. 
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MARKET. 

AcRiFEROUS  SuT.PHURET  ofIhon  —  Muv  bc  mastcd  in  houses 
or  heaps,  ivhen  not  puh'trtzed,  by  being  kindled,  and  occasion- 
ally urged  by  a  small  fire,  so  placed  iindernetttb  that  the 
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flames  may,  by  passing  up  tlirough  the*  interstices,  ignite  the 
whole  mass. 

^  For  this  mormer  of  reducing  weight  by  fire,  the  ore  must 
be  fix>m  about  the  size  of  hen's  eggs  upwards,  ancl  the  roast- 
ing is  incomplete  i\iv  any  other  purposes  tluin  thoie  of  reduc- 
tion of  weight,  and  the  partial  deposition  of  the  volatilized 
ores,  arids,  etc,  in  suitable  chambers,  where  it  is  sometimes 
hastened  to  precipitate  by  a  nhuwer,  or  very  fine  spray 
of  water,  as  scattered  from  either  a  plane,  or  through  a 
peribrated  plate,  by  following  pressure. 

Copper  Pyrites— May  also  have  some  of  its  sulphur 
burned  off,  wliere  fuel  is  plentiful,  in  a  similar  manner,  by 
a  stronger  fire,  so  as  to  reduce  its  weight  and  increase  its 
percentage  of  cojiper,  for  more  pro ti table  sale,  arising  from 
greater  economy  in  its  conveyance  to  distant  markets. 

This  t'omduff  is  not  necessarih/  complete^  but  carried  as  far  as 
most  economical  for  reduction  of  loeighi^  and  the  formation  of  sul- 
phide of  copper  7}uitte, 

Roasting  anb  Partial  Smeltino  of  Copper  Ores  into 
Heavy  CrpRiFEROUS  Slag,  *'Matte,"  or  Regulus.  ^In 
remote  or  interior  sections  of  country,  it  will  be  often  most 
advisable  to  first  roast  the  different  stdphurets  of  copper, 
either  in  the  manner  described,  or  still  more  eSectually  in  a 
(saj"  sixteen  feet  long  by  ten  wide)  flat-bottomed  reverberatory 
furnace  (which  may  be  made  of  brick  or  fire-stone,  similar  to 
Cut  45);  having  a  hcat-siipplying  fire  at  the  one  end,  two 
suitable  side  doors  on  each  side,  for  stirring  and  exposing  all 
parts  of  the  ore  to  the  action  of  the  flames  which  pass  over 
it  from  the  fire,  and  one  or  more  feeding  holes  at  the  top. 

The  parts  that  are  exposed  to  the  strongest  heat  should  be 
either  made  of  fire-brieks,  laid  on  edge;  of  tire-rock,  or  lire- 
sand  and  elay;  and  the  whole  structure  must  be  bound  with 
eicterual  iron  tie -bars. 

After  roasting  these  copper  ores  in  tliis  manner,  they  may 
be  smelted  into  a  heavy  copper  slag,  in  the  same,  or  a  similar 
furnace,  by  raising  the  heat  and  closing  the  side  openings. 

The  drauglit  is  generally  created  by  a  high  and  necessarily 
very  expensive  chimney;  but  much  more  economically  by 
having  the  works  near  a  hitfs  or  mouniain*s  slope^  and  cutting 
82 
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suitable  chambers  and  ascmdimj  flites  thfrein  (o  some  two  hundred 
fe£i  rertkal  height,  to  obtuiii  sufficient  draught  tor  this  and  the 
othiT  emoltlng  furnaces. 

Cut  45  represents  a  t'urnaco  that  nuiy  he  used  both  f^ir 
roasling  and  partial  reduction  to  sulphide  of  the  metal.  Tho 
aah-pit  is  marked  by  A;  the  fuel  and  fire-bara  by  B;  the  i 
char*^ing  liopper  by  IT ;  and  the  discharge  by  D.  O  are 
openings  on  both  sides,  for  admission  of  air,  wliibst  U  II  are 
raking  Iioles,  for  turning  the  ore. 

The  ieiigtlnvise  shape  of  tlie  topn  bottom,  ends,  and  ash- 
pit, are  shown  in  the  section;  but  the  general  top  may  be 
strengthened  by  being  slightly  arched  transversely,  vvhibt 
that  portion  at  the  chimney  shown  white  should  be  arehetl 
more  strongly. 

Cut  M. 


% 


l!^x%s?»f~-.^_c 


'*^  ™  -^^"^ 


The  most  difficult  part  to  make  is  the  interior  heat-resisting 
bottom,  which  is  usually  done  in  this  way.  The  inside 
lining  of  the  lire  parts,  sucli  as  the  aides,  ends,  and  bridge 
of  the  furnace,  must  be  first  made  of  fire-brick  set  on  edge, 
and  being  thus  ready,  all  the  openings  at  O,  K,  R,  D,  and  H, 
may  be  (^losed,  and  tlio  fire  kindled  and  very  gradually 
increased,  for  the  purpose  of  drying  the  furmice  thoroughly 
It  is  now  ready  for  ordinary  rousting,  afid  may  be  rmdtred  Jit  f&t 
the  synellinif  of  copper  into  rcyidm  in  thefolljwing  manner. 

The  heat  should  be  now  increased,  and  a  cliarge  of  two 
inches  thick  of  alag  smelted  all  over  the  bottom  of  brick,  A 
lajer  of  quitrtz  sand  of  some  sixteen  inches  thick  is  next 
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thrown  on  and  equally  distributed  to  a  level;  after  this  has 
been  roasted  for  about  three  hours,  it  is  allowed  to  cool ;  and 
then,  after  it  has  been  pounded  down  to  a  level  and  solid 
state,  another  similar  layer  of  slag  may  be  melted  on  its  sur- 
face; and  a  second  layer  of  sand,  of  about  four  inches  deep, 
being  placed  and  beaten  down  to  a  level  thereon,  it  is  covered 
with  about  one  inch  thick  of  slag,  which  being  properly 
fused,  it  is  ready  for  actual  smelting. 

The  fuel  may  be  either  wood,  coals,  or  coke;  and  the  fur- 
nace being  built  and  gradually  dried  by  a  small  fire,  the 
roasting  is  performed  as  follows. 

Charge  fuel  until  the  furnace  becomes  red  hot,  and  then 
about  four  tons  of  the  ore,  which  has  besn  assorted  and 
crushed  in  its  dry  state,  by  hand,  or  crushed  by  machine  to 
the  size  of  peas,  and  concentrated  by  the  jigging  machine. 

The  fire  is  regulated  by  a  convenient  damper,  and  supplied 
with  fuel  so  as  to  play  its  warming  influence  over  the  whole 
length  and  breadth  of  the  furnace-bottom;  and  when  the  ore 
begins  to  decompose,  air  should  be  admitted  through  the 
openings,  O,  which  lie  just  over  the  bridge,  to  aid  in  the 
oxidation  of  the  ore,  which  must  be  now  stirred  almost  con- 
tinually, by  the  insertion  of  rakes  through  the  openings 
marked  R,  that  are  intentionally  placed  on  either  side  of  the 
furnace,  until  a  sample  of  the  ore  (withdrawn  through  the 
end  opening,  D)  ceases  to  smell  strongly  of  the  volatile  ele- 
ment, when  the  whole  charge  may  be  withdrawn,  for  a  repe- 
tition of  the  process  on  another  batch  of  ore. 

Great  attention  must  be  paid  to  the  exact  temperature  that 
the  diflferent  ores  require  for  roasting,  so  as  to  obtain  suffi- 
cient calcination  without  agglutination  into  a  slaggy  mass ; 
which  a  little  practice  on  any  particular  ore  will  decide. 

This  kind  of  roasting  may  be  thus  readily  and  beneficially 
performed  on  all  the  sulphide  ores  of  iron,  lead,  copper,  etc., 
where  wood  or  coals  is  plentiful,  so  as  to  reduce  their  weights 
for  distant  delivery,  and  simultaneously  prepare  them  for 
direct  smelting  or  chloridation,  which  will  enable  many  mines 
to  give  profits  that  cannot  be  made  to  do  so  if  the  lohok 
weight  of  mineral  has  to  be  forwarded. 

In  some  instances,  the  lead  may  be  then  advantageously 
smelted  into  metal,  and  copper  be  further  reduced  into  a 
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regiilus  or  ** matte,"  in  this  saine  furnace,  in  the  following 
manner. 

To  smelt  into  the  des^ired  matte,  about  two  tons  of  the 
roasted  ore  may  be  mixed  with  one  too  of  raw^  ore,  and  a 
little  Huor  spar  or  quartz  (if  there  is  not  enough  in  the  ore), 
to  form  a  fusible  shig. 

Oxides  and  carbonates  of  copper  may  be  added  to  these. 
and  smelted  without  any  preliminary  roasting. 

The  wliole  must  now  bo  charged  into  the  liopper,  which 
being  allowed  to  drop  into  the  furnace  by  the  withdrawal  of 
it3  underlying  iron  slide,  it  is  spread  over  the  bottom,  and 
after  the  hole^,  0^  R,  R,  D,  and  U,  are  closed  perfectly  tight, 
the  fire  is  urged  to  its  utmost  heat  for  some  five  liours,  until 
the  whole  becomes  at  a  white  heat  and  in  perfect  fusion,  as 
seen  tliroiigli  small  holes  in  the  end  and  side  doors. 

The  end  door  nniy  now  be  opened,  for  tlie  purpose  of  pass- 
ing a  long- handled  hoe  through  the  mass,  for  testing  its 
fluidify.  If  found  thoroughly  fluid,  it  may  be  allowed  a  few 
minutes  to  settle,  before  the  upper  and  lighter  scoria*  is  very 
carefully  drawn  oft!,  through  the  doorway,  by  the  long- 
handled  hoe.  In  this  withdrawal  of  the  slag  from  the  tlnde^ 
lying  heavy  matte,  great  ciire  and  skill  is  necessary,  so  that 
no  portion  of  the  lower  stratum  sludl  be  also  withdrawn. 
The  large  smelters  generally  charge  ore  once  more,  for  a 
second  smelting  ni  this  stage,  before  the  nmitte  is  tupped  off» 
which  is  done  by  removing  a  clay  stopper  from  a  suitable 
side  bole  at  the  lowest  part  of  the  pool,  with  a  tapping  bar. 
For  the  purpose  of  carriage,  this  molten  matte  may  be  cast 
into  suitable  ingots  or  bricks. 


ROASTING  OF  TIN  OXIBEj  AND  REFRACTORY  MILLING,  SILVER  MT 

GOLD    ORES. 

The  ores  must  be  first  reduced  by  batterj^  without  water^  to 
an  almost  impalpable  dry  powder,  when  they  may  be  roasted, 
where  labor  is  cheap,  in  the  manner  described  under  the  pre* 
ceding  heading,  in  the  furnace  (Out  45). 

Many  variations  have  been  made  in  roasting  furaaces,  and 
almost  every  conceivable  shape  and  manner  of  manipnlatioo 
tried;  but  where  cheap  labor  prevails,  and  persistent  roasting 
ifl  necessary,  the  old  miners  generally  return  to  the  reverbera- 
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tory  **hand-rake''  furnace,  both  when  the  present  simple 
roasting  is  only  required,  as  well  as  for  the  subsequent  chlo- 
ridatiou  of  silver  ores,  to  be  described  under  its  proper 
beading,  towards  the  end  of  this  chapter. 

Whore  educatetl  hibor  is  dear,  the  Cornish  revolving  table 
stands  in  good  stead  (as  ilhistruted  by  Cut  46),  where  a  eon- 
vexed  iron  table  is  covered  with  brieka,  and  supported  by  the 
axle,  A;  it  is  revolved  by  a  water-wheel,  which  is  attuched  on 
to  the  axle  that  works  the  worm -wheel,  W,  and  tlie  roast- 
ing table  at  any  desired  speed,  with  clock -like  regularity; 
wliilst  the  pulverized  dry  ore  falls  through  the  hopper  or 
funnel,  11,  on  to  the  table ;  where  it  is  then  tiinicd  over 
and  over,  and  outwards,  by*  the  ten  movable  stirrers  that 

Cut  40. 
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point  down  over  the  table,  at  any  desired  angle,  to  more  or 
less  acealerinte  or  retard  the  properly  heated  ore,  and  thereby 
cause  it  to  fall  over  the  table  and  through  the  shoot,  down 
into  the  receiving-box  platform  been  at  the  right  of  the  cut. 

The  ore  may  lie  heated  to  the  proper  degree  by  one  or 
more  lires,  not  shown  in  the  cut,  because  the  one  lie^  a  little 
short  of,  and  the  other  beyond,  the  plane  of  section  at  the 
right  of  the  figure,  just  in  level  with  the  table,  so  that  the 
heat  may  pass  all  over  the  ore,  Cfi  route  through  the  discliarg* 
ing  flue,  F,  to  tlie  chioincy,  where  a  good  dumper  rcgulaten 
the  heat  as  required  for  simple  roasting  or  chloridntion. 
The  stirring  rudden?  may  be  fixed  iu  two  or  three  rjdial  lines 
from  the  centrcj  so  that  the  ore  may  be  turned  over  twice  or 
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tfariee  during  the  round,  aa  they  work  on  each  other's  ridget 
the  stirrers  pass  np  through  the  roof,  for  regulation  from 
withont 

It  will  be  seen  that  this  roaster  is  as  simple  as  it  is  efficient, 
as  nothing  is  necessary  but  to  charge  the  fuel  and  ore  in  a 
regular  ninnuen 

The  mineral  is  thrown  throngh  the  doon;\^ay,  D,.on  to  the 
iron  plate  shown;  tlieti  mixed  tiiid  fetl  through  the  funnel- 
mouth  into  the  furnace,  where  it  is  regulated  in  heat,  and 
time  of  passage,  by  the  fires,  the  stirrers,  and  speed  of  tahlo, 
to  imy  degree  of  nicety. 

Tiieie  is  still  another  old  machine  roaster,  which  is  made 
somewhat  fiiinilar  to  the  coffee  ruustcr,  but  lined  with  brick, 
either  in  a  regular  or  irregular  tooth-like  manner;  it  is  made 
of  proper  leugtli,  and  so  sloped  that  the  time  ocrupied  for  its 
transit  through  the  heat  shall  suit  the  requirement:^  of  the 
ore  under  treatment.  About  twenty  feet  in  lengt.h,  and  two 
feet  in  internal  diameter,  is  a  nseful  size  for  ordinary  quanti- 
ties of  ore.  This  cylinder  may  be  revolved  by  a  small  water- 
wheel,  at  any  desired  speed,  and  the  fire  may  be  either  in  the 
lower  revolving  end,  or  beyond  it,  and  flued  to  communica- 
tion therewith.  The  ore  is  fed  through  a  diagonal  hopper 
or  funnel  at  the  upper  end,  in  powdered  condition;  and, 
during  the  cylinder's  revolution,  it  is  being  continually 
elevated  on  the  one  side  to  fall  towards  the  middlct 
through  the  heated  gnses,  at  a  point  somewhat  nearer  the 
lower  end,  wdierc  it  escapes  under  the  flue  from  tlie  fire. 
If  it  is  necessary  to  repeat  the  ronsting,  the  ore  may  be 
re  conveyed  by  a  screw  elevator  to  tlio  charging  funnel  for 
that  purpose. 

The  worst  objections  to  this  furnace  are  that  the  power 
required  for  the  continual  elevation  of  the  whole  w^eight  of 
ore  so  repeatedly  is  somewhat  considerable,  for  large-scale 
operations;  there  is  a  difficulty,  too,  in  making  the  end  joints 
from  the  fiie,  and  to  the  flue,  sufficiently  tight;  and  the 
lining  of  bricks  is  liable  to  become  loose,  as  the  shell 
increases  in  size,  from  the  heat.  Whatever  furnace  may  be 
used,  large  reservoir  chambers  may  be  a<lvantageously 
applied  for  retaining  the  base  metal  oxides,  as  they  are  vola^ 
tinned  from  the  fire. 
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ROASTING  FOR  THE  SEPARATION,  AND  PROCURATION  BY  CONDENSA- 
TION, OP   THE  VOLATILE   ELEMENT,   IN   MARKETABLE    PURITY. 

The  Beneficiation  of  the  Ores  of  Mercury. — The  most 
prominent  in  this  class  arc  treated  in  the  following  manner. 

The  sulphuret  of  mercury  (or  cinnabar)  is  the  usual  ore, 
which  is  intimately  mixed  with  quick-lime  (according  to  the 
quantity  of  sulphur  which  it  unites  with),  and  then  roasted 
during  frequent  stirring  at  a  low  red  heat,  until  the  whole  of 
the  mercury  has  been  volatilized.  The  fumes  of  mercury 
thus  released  by  sublimation  from  the  ore  are  precipitated 
by  condensation,  during  their  retarded  travel  through  iron 
chests,  to  run  out  through  suitable  orifices  into  iron,  glass 
or  stone  wells;  for  being  filled  into  stoppered  iron  bottles, 
for  more  convenient  sale. 

The  most  favored  method  in  Europe,  as  directed  by  Dr. 
Ure,  is  to  sublime  the  mercury  from  the  mixture  of  ore  and 
quick-lime,  from  iron  retorts,  in  manner  similar  to  retorting 
coals  for  coal  gas,  and  to  condense  in  iron  chambers,  and 
amidst  a  spray,  shower,  or  falling  river  of  water. 

In  this  country,  the  mineral  has  been  roasted  in  cupola,  or 
reverberatory  furnace  fire,  and  condensed  in  iron  chambers. 

The  most  ready,  certain,  and  cheap  means  for  burning  off 
the  mercury  is  probably  the  reverberatory  furnace,  as  it  can 
be  made  sufficiently  capacious  that  charge  after  charge  can  be 
introduced  through  the  hopper,  and  beneficiated  without  any 
of  the  fumes  escapins:  to  poison  the  men.  This  furnace 
requires  but  occasional  clearance  of  the  gangue. 

It  is  also  probable  that  Hall's  condenser,  as  formed  by  a 
numerous  series  of  small  and  very  thin  iron  tubes,  placed  in 
vertical  or  diagonal  position,  and  surrounded  by  running  water^ 
will  answer  superlatively  well  for  it^  effectual  condensation. 

Sulphur  is  separated  from  its  gangue^  aiul  condensed  in  a  simi- 
lar manner,  in  one  or  more  large  receiving  rooms. 

The  Collection  of  the  Votatilized  Oxides  of  Antimony 
AND  Lead,  Arsenic  and  Sulphur,  from  Ores,  by  Retarda- 
tion AND  Condensation,  in  Chambers,  and  by  Precipitation 
IN  Showers  of  Water.  —  All  these,  whether  theg  may  result  from 
smsUing  or  roasting,  may  be  caught  in  large  chambers,  or 
rooms,  during  their  passage  to  the  chimney,  or  sloped  hill* 
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aide  flue,  which  may  be  sonactimes  facilitaterl  by  allowing  a 
stream  of  water  to  fall  tbroiigli  a  large  perforated  plate,  to 
meet  and  precipitate  wliat  miglit  otherwise  escape. 

The  receiving  chamberts  maybe  cleared  through  the  amia- 
ble dooi*s,  aa  often  as  may  be  found  DRcessary. 

As  nearly  all  the  American  mines  are  situated  on  the 
acclivities  of  mountains^  it  will  be  most  convenient  to  erect 
these  roasting  and  smelting  "reverberatory  furnaces *'  on  the 
wide  of  a  rather  t^iteep  slope,  to  save  the  expense  of  chimney, 
arresting  houses,  etc.,  etc.,  as  the  flues  and  houses  may  be 
excavated  iu  the  ground,  aud  he  covered  by  rock,  to  save  the 
much  greater  expense  of  building  them. 

BOASTING    UF   REFRACTORY  ORES,   PREPARATORY  TO   CHLORIBATIOK 
FOR   GOLD    BH    PLAITNER'S    PROCESS. 

1.  I  would  suggest  the  arrangement  of  the  reverberatory 
hand -furnace  shown  by  Cut  47,  us  a  cheap  and  efficient  roaat- 


Cut  ^7. 
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ing  and  chlorinizing  furnace,  where  the  mines  are  located  oa 
the  slopes  of  hills  or  mouu tains. 

The  letters  serve  to  explain  the  diflcrent  parts,  as  heforo, 
for  Out  45;  and  it  will  he  observed  that  steps  and  hcnrthe 
are  placed  each  higher  than  the  other,  so  that  the  pnlverizod 
ore  may  be  charged  through  the  funnel  to  the  upper  one,  for 
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preparatory  warmth;  and  being  raked  transverse]}*  through 
the  side  door,  it  will  nahiralli/  descend  over  this  inclined  hearth^ 
and  ultimately  full  through  the  heated  air  to  the  next  of  the 
series  (or  through  the  chlorine  gas,  when  it  is  desirable  to 
chlorinize  for  the  subseqacnt  extraction  of  silver  by  pan  or 
chemical  process).  Under  the  foot  of  each  sectional  arch, 
there  should  be  transverse  arehe=j,  as  shown  by  the  descend- 
ing lines  beneath,  for  supporting  the  roof;  and  tlic  whole 
should  be  firmly  secured  by  external  bolts,  as  sliown.  To 
suit  less  refractory  ores,  other  funjuls  may  be  placed  over  each 
lower  hearth,  so  as  to  use  but  one,  or  more,  as  required. 

All  of  the  bed  part  may  be  of  fire-bricks,  or  fire  rock,  if 
more  easily  obtained;  or  good  common  brick  may  be  made 
to  answer  for  the  bridge,  hearths,  and  roofe,  m  the  heat  is 
but  moderate. 

The  foundation  ia  cut  in  the  side  of  a  hill,  of  suitable 
shape  for  the  healths  and  ash-pit,  and  the  draught  is  obtained 
by  simply  cutting  and  covering  a  trench  up  the  slope  of  the 
hill,  80  that  no  other  chimney  ia  required.  Catch  houses 
may  be  also  excavated,  when  required  for  the  arrestation  and 
collection  of  the  volatilized  elements. 

If  there  are  no  other  advantage??  than  that  of  warming  the 
ore,  aa  it  lies  on  and  falls  from  hearth  to  hearth,  by  otheinvise 
wasted  heat^  it  is  considerable. 

The  ore  should  be  charged  in  sufficient  qunntitie§  as 
required,  for  being  properly  raked  to  f^ill  at  suitable  speed 
through  the  series,  to  suit  the  strength  of  ore,  tis  governed 
by  fuel  and  damper;  and  nothing  but  time  and  occiisional 
stirring  is  neeessar>\  The  orew  may  bo  etirred  ou  the  upper 
inelipeit  hearths  by  trausvcrAe  rakes,  as  worked  by  machine 
motion,  on  bars  that  pass  clear  through  both  walU,  t<j  guide 
and  carry  the  rakes  across  the  funiaee  at  their  middles,  m  tlmt 
I  the  ore  may  fall  down  the  luehne  after  each  motion* 

2.  The  Cornish  ccUeintr  ma*/  be  used  wilh  great  efficiency  for 
thif*  roaitirtf/  (as  explained  by  Cot  id). 

The  ore  is  charged  in  pulverised  dry  condition,  through 
the  hopper  or  funnel,  11,  after  the  furnace  has  been  brought 
tj  suitable  temperature,  which  vurie-i  from  low  reil  to  rod, 
and  yellow  red,  according  to  the  constitution  and  asvociatat 
of  the  ore. 
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It  is  recfiilntefl  in  its  travel  from  the  centre,  as  alrea<)y 
explained,  Ijutli  by  the  varjinijj  speed  of  the  rotjitiu^:  hL-nrtli, 
as  worked  by  more  or  less  water  on  the  driving  wlicel,  as 
well  ag  hy  the  stirring  knives  that  can  be  also  governed  or 
varied  from  without. 

It  will  he  seen  that  it  is  being  continually  tnmed  over  in 
its  passage  from  the  centre  outwanl^,  until  it  falls  over  its 
periphery  by  way  of  a  suitable  U\\  to  the  re<^eiving  plat.  J 

Now  it  should  be  examined  to  prove  if  the  roasting  has  m 
been  complete,  by  its  smell,  or  by  the  other  uieans  that  have 
been  fully  deseribed  in  the  chapters  on  discrimination  of  all 
the  useful  elcinent-^;  or  more  immediately  to  the  alphabeti- 
cally arnniged  cha[)ter,  for  more  pri>nipt  general  reference. 

Tlie  rojsted  orea  sliould  be  deposited  in  n  place  where  they 
can  be  soused  in  water  whilst  hot,  to  wash  away  the  soluble 
matter,  and  extract  nmre  snlfdmr  by  the  formation  of  mU 
pbide  of  hydrogen,  which  can  be  readily  known  by  it^  foul 
smell. 

Tliere  h  but  one  oljjeet  for  tliis  roasting,  which  18  the  vol- 
atilizutiou  of  the  deleterious  element,  so  that  tVie  gold  may 
be  released;  but  this  must  be  ettectually  perfurmed,  aud 
cannot  be  hurried  beyond  certain  limits. 

It  is  very  evident  that  the  effectual  calcination  of  even 
moderately  stubborn  ores  cannot  be  ]jeHbrmed  by  the  moffie 
of  wiy  uistania neons  proce&s,  for  tlie  suljstantial  reasons  that  at 
least  a  quarter  of  an  hour  is  reqidvalfor  the  roustbitf  of  either  an. 
arsenical  or  snlphnrous  orCy  in  minnic  quantity ^  even  \rhen  mixed 
in  the.  roasdnq  cnp^  loith  the  poiccrfnl  affxUiarj/  of  pvlnrizal  char* 
cofiU  although  it  may  be  stirred  for  the  trhole  timc^  in  an  (rppro- 
priiitebf  heated  muffle,  where  pure  and  free  hoi  oxygen  fmoLi 
the  air  has  access;  find,  on  the  large  scale,  from  six  to  twelve 
hours  is  required  tor  the  etJectuat  roasting  of  one  batch. 

It  is  a  noteworthy  fact,  wddclj  should  be  w^ell  conriderod, 
that  after  repeated  trials  of  all  t!ie  innumerable  more  compli- 
cated devices  for  the  acceleration  of  roasting,  the  hirge  metal 
Inrgieal  establishments  of  Europe  have  still  retained  the  om 
or  tlio  other  of  the  forms  of  revorberatorv  fumace. 

Therefore,  cheap  hibor  should  be  obtained,  to  realize 
such,  more  simple  furnaces,  better  results. 

It  ia  to  be  regretted  that  patent  rights  can  be  obtained  too' 
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SJiiMMn  new  fontitriei*.  for  the  rvory-dny  u|>plinn<*03  t\ml 
•^niriiitioiis  uf  priricipk^s  loni^  used  hy  workoieii  in  tlie  private 
$t»lilishnientd  of  old  countries. 

The  |ti)blie  slioiild  form  u  coIlGctive  protection  league,  to 

lain  individiiiUs  when  usin^  simple  natural  nieiin.<  to  attain 

ati  ccunoniical  end.     For  what^  law  can  nmdonablt  liclisir  any 

man  fmai  the  nae  of  tire,  for  roaating  in  any  manner;   or 

waf   '  olveat,  in  any  case?     Sntli  prohibitions  are  public 

.  mi-  ^,  which  should  not  be  allowed. 

After  observing  the  innumerable  devices  in  Euix)pe  for 
ealcination,  an  eminent  authority,  Dr.  lire,  says; 

«*Thf   rpvcrbrrnrory  lurnfic*!  ntforrla  one  cit  the  Keal  means  of  iistuUtton, 

|-iirh<«r<*  it  i^  n  t|ii«siUi  to  cm|>k>y  the  &HmihiuH'au?  aclioti  of  hcsit  an*i  ut'imspluTl- 

cmI   uir  to  (Icatruv  certain  combitiutiuus,  iintl   to  dccompofie   the  guljitiurcts, 

»r*fnliirtrt»,  vie.     It  is  likewise  endeiit  iliat  ibe  Inutlitjk  iIihs  ultVrcd  uf  sfirting 

ilu'  m'.tti  r<  V  pre  nil  out  on  Ihe  Aote,  io  onler  *o  rt'ui'w  the  snrrrtce*,  of  ob^Tving 

fliitii  «(?«!>,  of  nngnicnting   or  duniriinhing  the  degree  of   litnU,   He, 

•;$s  mneh  ^urtT,  ft  roiistiog  !  »r  k»eK«*i'  cxeculetl,  lUnn  hy  any  t>;hw 

Mm  knowo,  besides,  (bsU  tlMoe  mi«jjl*fd  vv'uh  mncb  undi'com|K>  c  1  »ir 

'>m  the  furniice,  i^:  hlg^hly  oxidixiii^.  nud  i«  ycry  fu  fur  Iftirning  iiwaj 

I  III'   .'uirliiip,  itnd  cjxitiizln^  ihe  mi-tuU.     riniUh%  thib  is  uhnnst  the  rnily  nietliod 

&f  Hjfhlly  rtiHsIin;?  ores  whifli  nn;  tti  u  very  fine  |»M\vder.     If  H  hr  not  eiiipUiycd 

coii«t,ni  Iv   Mill  for  every  kind  of  ore,  it  is  just  becnusc  mor?  eeononiy  !.■*  found 

In   I*  I  uleiualiou  in  heaps,  or  on  tireas  enclosed  hy  wiilla  ;  bestdex,  ra 

lei^n  a.  very  jjreat    nnmber  of  iHp^c   fnrntiresj  und   nuiny  workmcu, 

wptiUi  Le  r^^nired  to  roiti^t  the  eonsiderubto  body  of  orca  th.«t  must  be  dully 

^niHred.     fi^nee  there  would  result  from  ihc  ronslruetion  of  »nth  M|i|»iiriilns  riiiil 

filjl  ii  "  u  v«jry  notable  otitUy^  wliich  is  suretl  in  l!ie  oihiT  jiniresmes. 

ry  (iiisti  where  it  is  de&iroil  to  have  ii  very  perfect  nMistin^r,  os  for 
'*■'■  ';   /Inc:  ia  to  bo  extiiu-ted,  for  atdplniret  of  siiitimouy,  ete.,  or 

I  rn  iL  wry  Irne  powiivr,  and  desltued  for  uin  t|i^;uuulion,  It 
ii  tile  openiiion  in  n  reverberwlory  ftirnnce.  WIhmi  M^ry  fusi- 
ble M*(piiufou^  ores  lire  freailed,  the  workmin  eharged  with  the  eiibiniittoa 
oiMt  rniploy  nimh  eare  nnd  e^cpenenre,  eh  efly  in  the  ni;tna^einent  of  Ibe  (Ire. 
3t  will  som^tlllles.  indeed,  hitppeo  tbiti  the  ore  pftriiftlly  fuse* ;  when  it  beromea 
riAii<*^)ry  to  iriibdraw  the  maieriula  from  the  furniteej  to  let  iheni  cool  iind 
I  onler  lu  re-coniment'e  the  opertition.  The  eotij^trnilion  of 
ikJs  oo  (»theriittention  than  lo  give  to  the  sole  or  l»bor*vlory 
■  vtui  so  to  proportion  to  ihisj  the  ^'mic  and  the  ehimuey  tliAt 
^Ur  '  y  be  effi,'!  ted  with  the  gre>ilest  eeoin>n»y, 

'  r-Uory  ('urnrtce  is  alsvnys  employed  to  rortat  Ihe  ores  of  precious 
finci  illy  tho^a   for  urn  ilgsiiiifition  ;    na  ibe  hitter  often   coiiUlli 

ttfiiMi  itid  other  voUtiie  tsnbstances^  Ibey  muit  be  disposed  of  in  A 

culiur  luioiivr, 

•  The  Hole,  usmiUf  ¥cry  »pa<^ions,  is  divided  into  two  partf,  of  which  the  one 

AT  i'tiiin  the  furnace  is  a  little  liijifbLr  than  the  other.     Abcive  the  vnuU 

'<pa4'e  or  i  Imrnber  in  Nvhii  h  the  ore  is  deposited,  find  whRdi  cotumiinl- 

*L.,   <    I  Mfiittiry  by  ji  verticiiil  pii<-;njje  :  whirh  serves  lo  ulJow  the  ore 

when  it  is  dried  and  h  liufe   heated.     The  tinrne  atid  ihe 

,     from  the  sole  or  hiboratory  puss  inli»  condensrni^  ihanibi?r3| 

wrinff  into  the  chimney  of  draught,  ?o  m  to  d«pofi»ii  in  them  tbe  i«xide 

I  mid  other  nubMlaincou.     Wiien  ibe  ore  on  the  part  of  (be  sole  farthest 

;r*i|M  huM  AUfTered  no  much  heiit  as  lo  begin  to  be  rouh-trd,  has  heeoine 

*ind  when  tbo  roaslinitf  of  Ihat  in  the  nt^nrer  part  of  ibe  sole  is 

,  the  former  i«  ruki^d  towards  the  fire-brldgc»  and  it*  ti£tulalion  is 

r  ittirnijg  U  owr  frequently  with  4  puddle,  ^klllfijlly  worked,  Uirottgb 
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one  of  the  doors  left  in  the  Bide  for  this  purpose.  The  ofjomiion  i«  coosiilat 
to  be  liiiijjhL'd  vvlien  Ihe  Viipurs  and  ibe  smtill  have  almost  who!  1/  cfii^ed;  lU 
durariou  depending  ub\iouiil>^  on  lUi^  nature  of  the  ores  J* 


For  tbose  who 
would  oiideavor 
to  sljorteu  the 
time  of  mas  ting, 
au']  lessen  the 
labor -cost  for 
stuTiiig,  etc.,  I 
woukl  suggest, 
and  exphiiti  by 
Cut  48,  certain 
additions  to  the 
Cornish  turn- 
table roaster  of 
page 501 ;  aathe 
mod  ill  cation  of 
the  positions  of 
the  lirea  and 
chimney;  the 
adniigsioo  of  air 
or  steam  from 
the  central  ter- 
raced cone  to  the 
furnace  and  to 
the  chimney  by 


cm  #8. 


(r 


openiDgs ; 


feed- 


ing tbrouglithe 
chimney  ita*lfj 
instead  of  oven 
the  centre;  aS™ 
before. 

The  pulveris- 
ed ore  is  charg- 
ed til  rough  ihe 
hopper,  n,  to 
first  fall  on  the 
cheese  -  shaped 
firestoneontop 
of  the  roaster, 
and  thence  to 
the  sloped  un- 
derlying annu- 
lar terraces,  as 
stirred  by  the 
rakes  marked 
R,R,R,R,  until 
they  reach  tlje  ^ 
discharge  mSU 
conveyance  lip,  ~ 
U,tothcoiit4de 
platform^  on  the 


tPBtent  atiplicd  forj 
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right  of  the  figure.  The  rakes  are  shown  as  if  made  of  iron, 
but  ma}-  be  made  of  fire-stone,  suitably  perforated  for  receiv- 
ing similar  teeth,  and  so  built  in  the  wall  that  they  can  be 
replaced  at  pleasure.  The  bed  bricks  may  be  also  moulded 
of  suitable  segmental  shape  for  the  purpose. 

On  the  left  side  is  shown  one  of  three,  or  five,  small  equi- 
distant fire-places,  which  give  heat  to  all  portions  of  the  lower 
hearth;  whilst,  as  tlie  heat  is  used  up,  the  remainder  concen- 
trates during  its  ascension  to  the  smaller  space,  and  thereby 
the  ore  is  more  effectually  roasted  throughout  the  whole 
descent,  by  this  equalization  of  temperature. 

A  jet  of  water  is  made  to  pass  up  through  the  hollow  axle, 
which,  falling  into  a  trough  on  the  lower  bed-plate,  serves 
the  purposes  of  keeping  the  iron  comparatively  cold,  and  tor 
the  formation  of  steam  to  pass  out  through  openings  just 
over  the  bottom,  or  the  several  terraces  for  facilitating  the 
decomjiosition  of  the  ore.  To  prevent  fracture,  the  bottom 
plate  may  be  made  of  a  part  wrought  and  part  cast-iron. 

Or  air  may  be  passed  through  instead  of  steam. 

THE   ROASTING  AND  CHLORINIZIXO  OF  THE   MIXED  ORES  OF  SILVER 
AND   BASE   METAL,    FOR  MORE  EFFECTIVE  AMAUiAMATION. 

Befoie  building  roasting  and  chlorinizing  furnaces,  you 
should  carefully  examine  the  general  average  of  the  oren,  by 
actual  analysis,  so  as- to  know  its  exact  constitutional  form; 
for  some  ores  can  be  milled  cheaper  (after  deducting  the 
expenses  for  roasting  and  chloridationj  without  roasting,  than 
with  it;  whilst  others,  being  easily  roasted,  may  be  treated 
in  a  more  expeditious  manner  than  the  refract^^^ry,  fire  and 
time-resisting  ores.  So,  also,  regarding  the  counteructions 
that  may  be  produced  by  the  base  minerals  and  alkaline 
earths;  which,  by  uniting  with  chlorine,  fonn  volatile,  and 
soluble  or  insoluble  chlorides;  and  by  union  with  sulphur 
and  oxygen,  the  soluble  or  irjK/>luble  sulphates  of  the  metals 
and  lime;  which  analysis  not  only  rules  the  necesMary  amount 
of  sulphurets  for  combination  with  these,  in  addition  to  that 
required  for  releasing  chlorine  from  the  salt  by  similar  union, 
but  directs  you  to  the  best  meanK  for  beneficiation. 

The  previous  roastings  were  inUimiiul  either  for  the  partial 
or  complete  removal  of  tFie  voIatili$  element,  or  for  itn  iMfpiir 
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ration  by  subrHiiotiou  an  J  precipitutiou  for  the  markedly 
slow  travel  luul  eondeni^ntion ;  but  (he  objects  now  to  be  obtamd 
are,  tirht,  the  sopanitioo,  and  eotukjisation  too^  if  iieccFBarv,  of 
the  volatile  element,  and  the  stibsrqiicrd  union  of  the  ff«e(al  m 
metals  wtih  vhlormc  ffas. 


In    furnace   chloridntioTi, 
should  be  remembered. 


tl]e    following  facts  and  hinte 


1.  The  ehlorine  gm  is  obtained  bj  the  union  of  sulphur 
{released  fiom  stilphtfrets)  with  the  oxygen  ^tf  heated  air,  and     > 
the  sodium  of  the  salt,  whieh  form  sulphate  of  soda,  Aud^fl 
chlorine  pis  is  sinuiltaneoiislv  lil>erated.  T 

2.  A  suflieient  amouni  of  iitflphurets  (or  a  substitute^  a^suU     ' 
phate  of  iron)  must  be  present  in  the  ore  (or  be  added),  as  wd 
as  salt^  to  exiKiditc  the  formation  of  the  necessary  gas.  ^ 

3.  These  salts  must  be  very  niUL-li  in  execss  of  the  uomioalH 
equivalent  quantity  against  that  of  silver,  as  much  passes 
away  throui^h  the  chimney, 

4.  The  salt  must  never  be  less  than  some  six  perecnt,  aad 
as  much  as  tvventy-tive  haa  been  sometimes  used. 

5.  Tlie  sulitliurets  present  must  be  more  than  equal  to  the     i 
salt  and  all  the  other  base  metals  and  alkaline  earths  (m 
lime,  etc*),  with  whit^li  it  also  forms  nulphates  at  sueh  teiu- 
peratures.     The  mil  and  j^ulphareiJ!^  should  be  mixeti  and  crmhfJ 
with  the  ore, 

6*  The  chloride  of  silver  is,  for  practical  purposes,  non^ 
volatile;   whilst  nnmy  of  the  base  metal  cldorides  may  1 
passed  off  by  a  lengthy  I'oasting,  at  eleviiled  tenjpcratare. 

7.  The  chloride  of  silver  thus  obtained  is  insoluble  ia] 
water,  whilst  many  base  metal  chlorides  are  soluble  theremfj 
so  that  they  may  be  thus  economically  separated,  the  latter 
passed  away,  and  the  former  prueipitated  us  in  the  methodl 
of  Becchi  and  Ilaupt^  and  the  roasted  matte  amalgamated 
at  Cziklowa,  in  Hungary. 

8.  Ores  which  contain  niat'li  lead  or  antimony  mun  in 
stirred  in  a  continuous  manner,  at  a  low  red  heat,  during  th^ 
greater  pait  of  tlie  time:  I  nit  towards  the  eloae,  and  diiriD 
the  <*hlor]dation  stage,  it  nniy  be  allowed  to  rest  for  a  fen 
seconds,  between  the  stirring  periods,  tor  more  etfectua 
combination  from  actual  contact 


metallurgists'  companion.  511 

9.  As  regards  tlie  proper  heat,  it  may  be  considered  to 
vary  with  the  diftereut  ores;  those  of  lead  and  antimony 
require  a  moderate  initial  and  steadily  increasing  heat  for 
completion;  the  constitutional  silver  ores  require  a  moderate 
heat,  for  ehlorination  is  the  desideratum,  for  if  reduced  to 
metal,  amalgamation  is  retarded;  so  when  the  base  metals 
can  be  partially  or  entirely  passed  off  as  volatile  cldorides, 
protracted  roasting  at  increased  temperature  is  beneficial. 

A«  a  rule,  provideil  the  ore  can  be  kept  in  a  i)ulverulent 
condition,  the  higher  the  temperature  the  more  ex|)editiou3 
and  complete  is  calcination,  and  perfect  the  chloridation. 

10.  In  roasting,  the  heat  is  regulated  both  by  the  damper 
and  by  the  position  which  tlie  ore  occujnes  on  tlic  hearth. 
The  colder  portions  may  be  moved  by  a  long-handled  scoop 
or  flat  shovel  to  hotter  positions,  whilst  that  which  is  already 
too  hot  mav  take  its  ulace ;  the  whole  bein*'  stirr^jd  with  a 
rake  wlien  necessary. 

11.  There  is  one  particular  action  which  transpires  aftor 
the  sulphurous  acid  is  formed,  tliat  must  not  l)e  underrated^ 
and  which  requires  both  stirring  and  quiet.  The  stirring,  by 
exposure  to  the  hot  air,  oxidizes  the  sulphurous  acid  into 
sulphuric  acid,  which,  in  falling  on  and  into  the  i>ile  (hiring 
the  operation  of  stirring,  unites  with  tlie  sodium  of  the  salt 
to  form  sulphate  of  soda,  whereby  the  chlorine  is  released  in 
numerous  globules  of  gas,  and  being  confined,  as  it  were,  in 
the  same  cell  with  the  silver,  it  is  compelled  to  unite  there. 
with,  as  well  as  with  the  base  minerals,  that  of  silver  being 
insoluble,  whilst  those  of  the  base  minerals  are  mostly  solu 
ble  in  water. 

A.  The  percentage  of  stdphurrt^  in  (he  ore  may  he  found  by 
weighing,  from  a  careful  average  sample,  100  gniins,  exam- 
ining, concentrating,  and  separating  it  by  water,  afler  the 
manner  described  in  Chapters  III,  IV,  and  V,  Section  III. 

B.  Or  by  dissolving  it  in  three  parts  of  hydro-chloric  and 
one  part  of  nitric  acid,  by  boiling  the  solution  for  two  hour* 
and  then  filtering  the  watered  solution,  for  pre<:ipit:4tion  hy 
chloride  of  barium  as  sulphat:^  of  baryta,  which  may  hit  col. 
lected  on  a  balanced  filter,  dri(;d,  and  weighed.  Kvery  100 
parts  or  grains  of  this  '^sulphati;  of  baryta"  contain  84  of 
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sulpluirk'  aeid;   so  that  you  may  kiiow  your  percentage 
sulpluiric  acid   by  multiplying  the  weight  of  sulphate  of 
baryta  thus  ohtained  by  34,  and  dividing  it  by  100. 

C.  To   the   100  grains  of  ore   taken  for  assay  add  lOfrj 
grains  of  liorax  glass,  100  grains  of  oooimon  window  gla 
and  2  grains  of  resin,  all  iincly  pulverized  and  intimiUelj 
mixed.     Smelt  in  a  crucible  for  twenty  minutes,  at  a  yellow-j 
red  heat;  withdraw,  and  altow^  the  contents  to  become  quit 
cold.     Thig  forms  a  sulphide  of  iron  button  of  heavy  rnattej 
which  atfurds  an  approximate  means  for  estimating  the  quan-J 
tity  of  sulphur  the  ore  contained.     In  the  refractory  ored,  thft 
weight  of  tliis^  matte  should  be  some  thirty  per  cent.,  or  ^\\&< 
cient  must  be  addci  thereto;  but  wdiere  the  ore  is  of  mon 
simple  form,  as  containing  constitutional  forms  of  silver,  th 
are  comparatively  free  from  base  minerals,  alkaline  e^irthfi 
etc.,  a  much  less  quantity  will  suffice,  for  reasons  previoual/ 
explained. 

D.  Treat  (after  the  addition  of  some  charcoal)  as  directed  j 
at  the  foot  of  page  348. 

It  is  advisable,  for  greater  certainty,  to  have  a  reasonably] 
safe  excess  of  snlphurets  and  salt;  but  as  any  very  great  1 
excess  is  superfluous  and  expensive,  it  will  be  desirable  to  J 
make  assays  from  ^diftcrent  mixtures  of  such,  so  as  to  know  j 
if  the  wdiole  of  the  silver  has  been  chloridized. 

This  assaff  for  chloride  of  silver  ma}/  be  made  in  four  io(rys^ 
sufficiejUly  near  for  such  purposes;  or  it  may  be  proem  in  tk 
large  way^  by  amalgamation^  on  the  differently  mixed  quantities. 

1.  Comparative  assay  from  the  difference  of  silver  obtained^  a^ 
made  by  fire  and  by  acid. 

Take  100  grains  of  the  finely  pow^dered,  ehlorinized  ore, 
and  assay  it  as  directed  for  the  crucible  or  scorifier,  in  Chap- 
ter  VII,  Section  IIL 

Then  take  a  similar  quantity,  place  it  on  a  filter,  and  pas« 
a  continuous  current  of  pure  water  over  and  tlirough  the 
mass,  until  there  can  be  no  possible  doubt  that  the  whole  of 
the  salt  has  been  dissolved  out  (which  may  be  tested  by 
nitrate  of  silver  solution)* 

Now  place  this  filter  and  its  contents  in  a  glass  vessel  or 
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porcelain  cup,  and  pour  thereon  about  twice  its  volume  of 
nitric  acid  (which  will  not  dissolve  the  chloride);  and  after 
completing  the  solution  of  all  but  the  chloride,  filter  and 
precipitate  the  silver  from  the  solution  by  salt,  then  weigh 
and  calculate  as  directed  under  the  heading  for  humid  assay 
of  silver. 

2.  Collect  this  chloride  on  another  filter,  dry,  burn  off,  and 
Hax,  for  crucible  or  scorifier,  and  after  smelting  and  cupelling 
as  before,  the  difference  in  the  buttons  will  equal  the  soluble 
portion,  and  the  loss  by  the  insufficient  chlorination. 

3.  It  may  be  tested  after  the  large  scale  manner  of  Von 
Patera,  as  described  in  Chapter  V  of  this  Section  (if  you 
have  the  re -agents),  and  again  smelted  for  difference. 

4.  It  may  be  ascertained  by  a  preliminary  fire  assay,  as  by 
heading  1,  and  careful  observation  of  what  is  actually  obtained 
from  pan  or  barrel,  which  cannot  be  expected  to  realize  much 
more  than  ninety  per  cent,  of  the^fire  assay. 

ROASTIXQ     INSOLUBLE    ORES,     FOB     MORE     EFFECTUAL    CUEMICAL 
BEDUCTIOXS,    BT   VARIOUS   HUMID   PROCESSES. 

In  addition  to  the  roastings  described  under  the  past  head- 
ings, there  is  still  another  principle,  fir^t  utilized  by  Ziervogel, 
for  extracting  silver  from  copper  sulphide  matte. 

It  is  very  economical  and  effective,  but  difiicult  for  execu- 
tion bj*  inexperienced  hands. 

The  matte  or  ores,  as  may  be,  are  carefully  roasted  and 
stirred,  in  a  gradually  increasing  lieat,  for  some  ten  hount, 
which  prodaces  certain  succeeding  changes,  as  follows. 

Iron  and  copper  lose  sulphur,  and  become  sulphates,  and 
then  oxides;  then  the  sulphide  of  silver  als^i  changes  to  a 
sulphate,  and,  the  heat  being  continued,  into  oxide;  and 
then,  on  a  slight  increase  of  temperuture,  the  latter  becomcH 
reduced  to  metal. 

The  skilled  workman  h,  however,  enabler]  to  withdraw  the 
charge  jost  when  the  silver  la  in  a  nUtU:  of  Hulphate,  which  i^ 
soluble  in  water,  and  thut^  it  may  be  t<^ted  by  pre//ipitation 
in  a  cap,  aaacer,  or  glass,  by  salt»  or  other  re-agent. 

It  has  been  much  used  ^iince  the  workmen  have  ac^iuired 
the  necesaary  skill  for  more  corre^.-t  manipuiati^/rj,  and  will  be 
more  paiticalaily  described  in  Cliapter  V  of  this  Hection. 
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THE  MILLIXO  OF  GOLD  BY  BATTEUY,  WITH  WATER  AND  MERCCUT. 
TiiK  MI!,LrNG  OF  GOLD  AND  SILVr:lt  IN  DEY  STATE,  DY  BATTERV^ 
FUJI  .^UCSEQUENT  KOASTING  AND  FINAL  TREATMENTS  BY  BAR- 
REL OR  PAN  AMALGAMATION,  BY  CULORINATION  WITH  PUTT* 
NEa*S  PKOCESS^  AND  FOR  OTHER  CHEMICAL  MANIPl' LATIOX?.— 
MILLING  WITH  IRON  PANi?;  IN  COPPER -BOTTOM  ED  PANS  I  t5 
ARRA^TItAS;  IK  THE  CHILIAN  MILL;  IN  ARTIFICIAL  STOM 
ANNULAR  pans;  IN  CLOSE  REVOLVING  BARRELS;  AND  WlTB 
VERY    HOT   WATER,    At?    CREATED    BY    HIGH    PRESSURE. 

Tlie  term  of  '^Millin^sf "  has  the  ordinary  meaning  of  grind- 
ing  to  a  dry  |Jowdor;  but,  in  this  mijVing  sense,  it  mui»t  be 
extituled  to  tlie  wet  proces^s,  where  n'ltter  facilitates  the  amal- 
gamation of  gokl  and  silver  ores  with  mercury. 

As  no  man  can  know  how  to  treat  the  ever -varying  ores 
by  vinnal  discriniiniition,  it  is  absolutely  necessary  that  an 
examination  should  be  made,  to  ascertain  its  canstitutioHi 
previous  to  manipulation,  ho  as  to  know  if  it  he  a  simple  ore; 
orw^hcther  preliininary  ruabtiiig  will  he  necessary  for  removal 
of  sulphur,  arsenic,  etc. ;  or  if  it  is  an  ore  that  containa  mud 
of  the  ^meltable  metal^  as  antimony,  copper,  or  lead,  ift 
which  the  precious  metals  are  constitutionally  refractory, aai 
more  especially  antagonistic  to  the  milling  process. 

Those  wlio  arc  not  acquainted  with  chemical  analysis  will 
find  Chapters in^  IV,  V,  and  VI,  on  '*  Discrimination/'  and  tht 
tbllow^ing  chapters  of  Section  III,  on  the  actual  assay  of  knoffft 
minerals,  all-sufficient  for  thqir  purpose.  Or  an  analysis  of  i 
well  assorted  average  sample  prepared  as  in  Chapter  I, 
tion  III,  should  lie  obtained  from  a  professional  man. 

Before  entering  into  the  details  of  the  various  milliiif 
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manipulations,  it  may  not  be  amiss  to  quietly  consider  why 
gold  quailz  has  been  worked  much  cheaper  elsewhere  than 
in  California. 

SOME   OF  THE    REASONS   WHY   GOLD    HAS   BEEN    EXTRACTED   FROM 
QUARTZ   MUCH  CHEAPER  IN  AUSTRALIA  THAN   IN  CALIFORNIA. 

There  are  many  reasons,  beyond  the  fc«light  difterences  of 
manual  wages,  why  auriferous  quartz  has  been  and  is  still 
being  worked  cheaper  in  Australia,  New  Zealand,  etc.,  than 
in  California;  which  should  now  be  retrospected  and  inter- 
viewed, for  future  advantage. 

The  first  great  gold  excitement  of  Australia  was  caused 
by  the  discovery  of  frequent  nuggets  of  gold,  by  trifling 
amounts  of  labor,  in  the  water- washed  gulches  of  the  Dis- 
trict of  Forest  Creek ;  which  caused  a  general  rush  of  people 
from  its  more  immediate  vicinity.  The  subsequent  discov- 
eries,  made  by  more  extensive  explorations,  sustained  the 
first  results,  and  increased  the  excitement,  until  British  peo- 
ple from  at  home,  and  throughout  all  the  world  where  their 
flag  waved,  as  well  as  men  from  all  other  nations,  concen- 
trated in  great  numbers  to  this  El  Dorado,  to  realize  prompt 
fortunes. 

The  surface  gold  soon  becoming  scarce,  pits  were  next 
sunk  to  find  the  ancient  river  channels,  and  washed  debris, 
when  the  whole  district  was  soon  discovered  to  be  more  or 
less  auriferous;  that  the  present  shape  differed  much  from 
the  original  contour,  and  therefore,  as  so  little  could  be 
known  from  mere  visual  surface  examination,  nothing  short 
of  shaft-sinking  would  answer  the  purposes  of  discovery  and 
extraction;  so  that  the  skilled  miner  soon  became  a  necessity 
for  such  mode  of  working. 

The  uneducated  workman  from  the  outside  world  would 
naturally  fail  in  sinking  the  many  most  difficult  shafts  that 
were  continually  required,  and  would  therefore,  however 
reluctantly,  have  to  succumb  to  the  skilled  miner,  who  would 
be  at  a  high  premium,  and  many  miners'  fortunes  have  been 
made  by  continuing  such  abandoned  sinkSj  to  the  deeper  and 
profitable  streakSj  in  and  under  these  ever-varying  alluvions. 

Other  similar  districts  were  soon  found;  so  that  this 
became  a  very  important  branch  for  skilled  labor;  the  quail- 
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iivil  'workman  had  to  lead  the  wa\%  was  respected  accord 
ingly,  and  this  iticreastag  demand^  with  consequently  high 
wages,  hroLight  great  numhers  of  experienced  Cornish  miners 
into  the  country. 

After  these  richly  nuggeted  ticlda  becJime  somewhat 
exhausted,  these  men  gradually  and  carefully  considered  the 
subjects  of  auriferous  ''tailings'*  and  former  *' leavings/' lis 
well  as  the  quartz  veins,  and  did  not  run  crazy  after  new 
ideas  in  all  things  appertaining  to  mining  and  metallurgy; 
nor  did  they  reverse  the  wliole  affair,  by  becoming  solclj 
metallnrgistr?,  and  erecting  metallurgical  works  where  insuffi- 
cient or  no  quartz  or  auriferous  debris  Imd  been  proven  to 
exist;  for  having  been  educated  in  systematic  mining,  in  a 
school  where  all  practical  problems  are  worked  on  well 
proven  maxims,  derived  from  the  experience  of  many  ages, 
further  enhanced  by  the  perfected  and  appropriately  con- 
trived mechanisms  of  many  of  the  best  emjineers  that  ever 
livetl,  and  manufactured  by  the  first  mining  fountlers  of  thi 
world:  they  looked  at  the  true  position  of  aftairs,  and 
selected  proper  machines^  as  made  by,  and  supplied  from^ 
hesc  Ccrnish  foundries  {w^hich  served  as  examples  for  the 
subsequent  colonial  foundries).  Thus,  by  proper  arrange- 
»nent  of  the  worka,  division  of  labor,  economy,  and  practical 
shouldering  of  their  own  wheels,  tliey  have  lieen  geuendlj 
successful  where  success  would  not  otherwise  have  resulted. 

The  cost  for  mining  and  milling  in  Australia  is  of  an  uni- 
form lowness  of  figure  (ranging  from  about  $5  to  Jt2.50  per 
ton);  whilst  that  of  California  varies  exceedingly  (from  J15 
and  upwards  to  a  nxiniuinm  of  $4.50),  as  more  particularly 
governed  by  difference  of  supervisive  skill,  position,  hard- 
ness of  the  rock,  etc. 

This  is  more  to  be  attributed  to  the  fact  that  the  quartz  of 
Australia  has  been  almost  universally  manipulated  by  men 
who  had  been  previously  engaged  in  mining  during  their 
whole  lives,  iind  who  would  consequently  apju'oach  nearer  to 
equality  under  similar  practices  and  well  proven  machines, 
than  men  who,  being  more  or  less  new  to  the  business, 
practised  all  manner  of  operative  deveh)pments,  and  tried 
innumerable  new  schemes  and  conceits^  instead  of  relying 
on,  or  at  least  first  nsing,  those  that  had  been  thoroughly 
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proven  by  the  older  mining  countries.  It  is  a  piilpable  fact 
that  the  developments  of  the  mine^  of  the  United  States  have 
been  unnecessarily  retarded  l>j  fur  too  many  experinventt*  with 
peenliar  processes. 

There  are,  moreover,  certain  inherent  feelings  amongst  the 
capitalists  and  practicals  of  old  countries  {not  existing  here), 
which  favor  division  of  labor;  tliey  also  show  proper  respect, 
and  give  fair  values,  to  the  men  wlio  have  expended  many 
years  of  mentii!  and  physical  exertion  to  obtain  an  ample 
knowledge  of  the  secrets  and  practices  of  any  one  particular 
business,  in  the  many  divisions  of  professions  and  trades 
amongst  mankind;  and  therefore  few  men  can  be  f^iund  suffi- 
ciently  defiant  of  public  opinion,  and  conceited  in  tliem- 
selves^  to  undertake  any  business  or  trade  to  which  tlicy  have 
no  such  generally  recognized  title;  the  miners  of  Australia 
being  thus  morally  strengthened,  led  and  goarded  the  way 
to  more  regular  results  than  have  generally  prevailed  in  the 
more  cosmopolitan  United  States  of  America,  where  the 
people,  althoogh  much  longer  established  in  most  other 
businesses,  more  generally  intelligent  from  their  universal 
sygteni  of  education  and  peculiar  natural  inquisitiveness, 
have  lieen  until  very  recently  almost  entirely  unpractised  in 
that  of  mining; 

The  United  States  of  America  was  in  early  times  suddenly 
surcliargcd,  and  the  business  people  deeeivetl  and  overruled, 
in  this  new  and  i>eculiarly  difficult  business,  by  metallurgists 
and  metallurgical  pretenders,  who,  living  in  the  cities,  at  the 
elbows  of  capitalists,  too  easily  obtained  their  confidence, 
and  caused  various,  innumerable,  and  worthless  machines  to 
be  forwarded  for  the  extraction  of  what  had  not  been  diseov- 
ered,  or  at  least  laid  sufficiently  bare  for  even  probability 
of  continuance;  and  such  men,  their  friends,  some  dry-goods 
clerk,  or  the  like,  generally  managed  to  proceed  therewith, 
to  superintend  the  works;  therefore,  under  such  circom- 
stances,  nothing  could  have  been  expected  but  the  worst 
extravagance,  and  certain  ruin. 

The  distant,  hanhworking,  and  experienced  miner,  labor- 
ing under  the  disadvantagei  of  absence  and  minority,  thus 
illegitimately  supplanted,  despised  in  his  own  business,  and 
submerged  in  contumely,  took  no  interest  in  development, 
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but  merely  endeavored  to  do  as  liitk  as  possible  of  work^  and 
to  find  a  ^olittirj  pleasure  in  laughing  at  the  general  miAman- 
agoincnt  of  affairs,  iiutU  tbe  dropping  of  the  curtain  at  the 
tenniiiutiou  of  the  burleyqoe. 

Mining  should  precede  metallurgy,  and  reduction  works 
be  firmly  withhold  until  u<j  possible  doubt  exists  that  the 
proper  quality  and  quantity  of  the  mineral  ean  be  obtained. 

From  these  initial  advantages,  which  engendered  the  f(A' 
lowing  most  imperatively  e!?sential  difterences,  they  hnve 
obtaintul  more  regularly  eeononiiiral  and  superior  i*'<nlf<  h\ 
both  mining  and  metallurgy, 

1,  Tliey  have  mined  systematioally,  and  practised  tk 
greatest  possible  econon^y  of  lahiu*  and  material,  in  all  ways 
after  the  methods^  dcf^crihed  in  the  ehnpters  on  mining. 

2.  The  quartz  should  he  passed  froni  the  mine  (wlirn 
necessary)  diret:tiy  into  a  rock-bi'eaking  machine,  and  thence 
straight  into  the  mill.  In*  a  large  tram-wagon^  drawn  by  a 
horse  or  mule,  over  a  double  or  switch  track,  as  driven  by  a 
boy,  or  other  cheap  labor;  and  so  that  as  little  shovelling  as 
possible  may  be  required,  suitable  tip  or  dunqvphit^  shoul<l 
be  provi<led  ut  all  tlic  termini,  the  first  terminus  from  th« 
mine  being  so  arranged  that  the  quartz  niny  be  di?*eharged 
into  tlie  empty  car  whilst  tlie  fall  one  is  being  transferred  to 
the  battery.  The  roekdireakL-r  should  lie  also  so  placed  as  to 
discharge  its  deluns  into  other  similarly  arranged  wagou?,  for 
conveyance  to  tlie  liatter}^  In  suitable  places,  a  horizontul 
or  vertical  pfiHey  may  be  phiced  at  the  top  of  the  iuelinet 
so  that  a  rope  eau  be  attached  to  two  Indanced  wagons,  where 
the  fall  car  will,  dui'ing  its  descent,  hoist  the  emjdy  wagon 
for  another  cargo,  as  regulatcfl  l>y  Hie  brake;  or  the  patentetl 
clip  pulley  of  John  Fowler  &  Co.,  of  J^ondon,  may  be  used* 
either  with  or  without  power.  In  a  comprehensive  and  eora* 
pletely  illustrated  circular,  dated  1865,  they  describe  it  Ofl 
follows: 

'*Thc  cxperiem  P  piiiied  bj  John  Fowler  k  Co.,  in  tbe  use  of  wire  rop<»  wbea 
coHivnting  Imnd  by  steiim  power*  find  the  cucoynisretucnl  pven  ihciij  b?  lb* 
saving  fffeLled  in  wenr  of  ropp  tliroiig^h  tlic  u?c  of  their  pulent  clip  piiUfv,  liru 
inductti  them  to  Iny  liefore  the  public  jv  few  arrhnj^enientd  for  iis  usi-  ns.  n  menoi 
iif  bnnlfige  in  mines,  or  wherever  win*  rope  is  use4  fiir  trnn^imitting  powfr. 

"  Thepe  jMiHrvt;  have  been  in  regulnr  use  for  steiioj  lultiviitiott  lor  ibe  Iftfl 
fonryenrs,  nnd  iipwnrds  of  four  bntntred  of  them  are  now  working,  with  w 
attitat  draught  on  ibe  rope  varying  from  one  to  three  lonsj ;  tnnnjr  of  ihcm  art 
Also  now  being  used  in  miues  with   the  grentei^t  aueccss.     Jahn  Fowler  k  Oo. 
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BftvStner^fore  great  confidence  in  recommending  them  to  those  who  are  usin|c 
rire  rope  in  any  wfty, 
'*The  patent  clip  puUejr  has  many  ndvantug^s;  the  rope  lica  iti  »  pttrfeciljr 
|«inomh  irroove  forQied  by  Ihe  ilips,  which  prevents  all  ovcrbipping^  nnd  also 
thiit  jerking  motion  sa  der^trnttive  to  the  rope  when  roiling.  A  smoi>t.h  surfiice 
of  the  rope  is  maintiLined,  and  no  sliurt  bendd  with  tlaUcued  pieces  (caused  by 
overlapping)  will  be  found.  When  piissing  over  the  pulley^  the  action  of  the 
clips  on  ihe  rope  tends  to  di^^tribute  the  load  mure  ecjuufly  tbrougli  the  wire9| 
And  less  ropL'  U  rc<|uired  i^itb  tbcst.'  pulleys  ihsin  with  coiling  drtims« 

"When  working  roada  with  irregular  inclitifs,  either  self-ncting  or  with 
power,  by  the^e  pulleyst  with  a  brake  Attaiched.  the  bnikesmiin  hus  the  most 
perfect  control  over  the  tojid,  and  can  i^top  almost  iastuntancouily.  Insttincoi 
ii»ve  occurred  where,  by  tbe  breuknge  of  the  rope,  one  train  baj  been  held  by 
the  puUey,  the  hnike  being  promptly  applied  by  the  msin  in  charge,  lUus  i.iving 
hi&U'  ibe  diioiiigc  thuL  would  athcrwi^e  biive  occurred. 

Cut  49. 


E^W^'*^'*--*^^  - 


sjg^^fe^-^ 


(N'n,  I  I 


*'  It  11  the  only  practicable  way  of  conveying  power  to  a  distance,  for  worklii|r 
pumps,  etc,  by  raond^  of  fln  eniHes!^  wire  rope. 

"  Tor  tfmponiry  h  vulnge,  n  portJihle  engino  1ms  been  nrmnged,  with  the  clip 
pulley  nttarhod,  which  savcf*  eonsidcnibltj  cxpcriae  in  fixing?. 

*'  VVith  thcsB  vnrious  udvivnlngcs  in  its  use,  John  Fowler  k  Co,  invite  nn 
{ftspeciioii,  and  n  triiil. 

'*  No.  I  represetus  n  complete  pulley.  It  cnn  either  be  monntc  i  on  vertical  or 
hon7,ont'»l  axe^,  but  preferenca  i*  given  to  the  former  pl.vn,  injismuch  txi  In  some 
horlzont'il  positions  it  i*  necc-«3iry  to  piiv  the  rope  on  to  the  uuiBr  siile  of  the 
drum«  wbich  i;*  not  m  convenient  when  ttii'  reverse  nctlon  \s  requirel.    *     *     « 

'*  No.  2  sbowei  ii  geetioo  of  the  pulley.  It  will  be  i>hserved  thM  it  is  made  in 
two  partd ;  the  one  fortus  the  mnin  ciistitig  with  artiij  atid  bo^s^  cnrryttig  lh<r 
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ccnlrt'S  of  one  row  of  clips,  and  fomiiiig  half  the  groove  uf  the  pulley;  and  ibc 
other  is  ik  tinnge  or  ring  can  jing  the  lower  row  ol  clips.  This  U  screwed  on  l« 
the  tnnio  custiag  in  a  eimilar  way  to  a  nut  «nd  boll  (as  ghown)^  and  ihui  pm 
HQ  adjuslinent  belween  ihe  centres  c»*rrji  jg  the  clips  which  admitia  of  ropes  of 
vjirious  sixes.  Tlierc  are  through  bolu  to  prevent  the  ring  from  shifting  on 
the  main  civsling. 

Cut  50.  '*  The  clips  aro  cttn  with 

chilled  Kurf«ces»  which  pre- 
vents wenr  in  the  groovt; 
and  as  in  their attion, wlim 


the    strni 


ries    on  the 


\rv 


_J' 


V 


(No.  S.} 


corT>« 

rope*,  they  move  lowardi  ihp 
ai  is  of  the  drtim?t  there  ii  nf> 
snrging  of  the  rope  agftin*! 
the  clip?,  which  i^lhemtmrt* 
of  rcdut:ing  both  wear  of 
rope  and  drum. 

^^The  hold  of  the  rop*  b; 
the  clips  is  iucreafcd  <t« 
ftctfy  in  proportion  to  ^* 
pult,  nnd  the  nearer  tb 
centre  tsf  the  rope  couie^  in 
fi  straight  line  with  the  cen- 
tre of  the  clips,  the  luf^f 
securely  the  rope  i-  InM- 
but,  in  workings  it  is  fontiJ 
ilesirable  to  iiJlow  ihe  ropr 
to  go  no  further  baik  lti*n 
will  give  sufHcient  hold  t« 
Keep  it  from  surging 


"In  looking  at  the  seciii  n,  one  importntit  ndvnniage  the  pulley  hat,  ii  •''* 
way  ii  take*  hold  of  the  rope.  In  a  Hat-hoitomcd  pulley,  there  is  a  conlinwl 
raoNcincnt  aniungst  the  wire  of  the  rope,  owing  to  its  flattening  from  the  ftclifto 
•f  the  pull  ;  bill  by  the  clip  this  is  entirety  avoided,  aa  the  pressure  is  equal  o* 
the  jsides  and  bottom  of  the  groove.  This  secures  the  shape  and  snooothne?* 
of  the  rope/* 

In  nwunkfinoits  positions  of  eor^siderablc  decUvifi/^  or  where  tk 
ores  have  to  be  passed  over  gulches  or  rivers,  or  itrown  frvm  thf 
Itoitom  of  large  open-cut  concaviiiis^  it  will  be  also  found  conve- 
nient to  stretch  a  ehain  or  wire  rope  across,  to  serve  as  a 
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gaide  for  a  traveling  pulley ;  it  should  sag  just  enough  to  ease 
the  strain,  and  to  obtain  a  convenient  angle  for  the  transmis- 
sion of  a  suspended  car  from  the  mine  or  excavation  to  the 
reduction  works.  For  the  economy  of  rope  and  draught, 
double  wire  rails  and  wagons  may  be  worked  by  Fowler's 
clip  pulley,  or  any  other  arrangement,  either  with  or  without 
power,  for  ascending  or  descending  grades. 

The  following  table  loill  show  (he  adcantages,  as  regards  strengihy 
size,  and  lightness^  of  the  iron  wire  rope  over  both  chain  and  hemp 
rope,  which  have  been  generally  used  for  such  positions. 


Breaking 
weight  io  tons. 


DESCRIPTION. 
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12 

16 

20 

24 

30 

36- 

44 

54 
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jWire  rope 

I  Hempen  rope. 

IChain 

I  Wire  rope 

Hempen  rope. 

{Chain 

Wire  rope 

Hempen  rope. 

Chain 

Wire  rope 

Hempen  rope. 

Chain 

Wire  rope 

Hempen  rope. 

Chain 

Wire  rope 

Hempen  rope. 

Chain 

Wire  rope 

Hempen  rope. 

Chain 

Wire  rope 

Hempen  rope. 

Chain 

Wire  rope 

Hempen  rope. 

Chain 

Wire  rope 

Hempen  rope. 
Chain 


Size  in  inches. 


Weight  per 
fathom^ 


1  circumference. 

2  " 

I  i  diameter. 
1 2  circumference. 
5  "  .  I 

I  }  diameter.        ' 
'2}  circumference' 

;    jl  diameter. 

3  circumference.! 

!    ]l  diameter.       j 

3  J  circumference 

9  a 

f,  diameter. 

4  circumference. 

10  " 

3j  diameter. 

4  J  circumference 

II  " 
1,J  diameter. 

5  circumference. 
12i 


5  J  circumference 

14  " 

1,J  diameter. 

6  circumference. 

15  *< 
1,;:  diameter. 


Ib9. 
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1 

0 

1 

1 
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0 
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0 
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8 

12 

3 
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0 

7 

8 
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3 

36 

0 
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0 

19 

6 

46 

0. 

14 

0 

25 

0 
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0 

18 

0 

30 

0 

62 

0 

22 

5 

35 

10 

78 

0 

27 

0 

41 

10 

96 

0 

34 

0 

47 

8 

115 

0 

8.  The  battery  should  be  self-feeding. 


*  There  is  not  an  exception  to  this  rule  Ihroughout  Cornwall ,  England,  even 
where  labor  is  veri/  low;  so  that  no  good  reason  can  be  shown  why  expermve 
hmUk  should  be  paid  for  such  unnecessary  work. 
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4.  Cn)i[ier  plates  should  be  fixed  within  and  without  the 
^attery;  and  when  the  outside  phitc^  are  also  eleLli*o-iilated 
^itb  Bilveiv  they  niuy  be  arnalgjaniated  with  greater  fijcilitT, 

and  will  retain  louicer  effideut  affinity,  etc.,  than  when  the 
naked  copper  plates  are  used. 

5.  Narrow  transverse  tronghs  of  mercury,  and  double  runs 
of  blankets,  ^liould  be  placed  at  the  ends  of,  and  be3'ond,  the 
ploteB;  the  ibrmer  to  eatch  both  mercury  and  gold  by  direct 
union  and  amalgumation,  and  the  latter  to  arrest,  seerdet 
deposit,  and  concentrate  escaping  mercury  and  gold,  m  well 
nn  the  heavy  aurifcroue  debris?,  wdiieh  w^oiUd  otherwise  puss 
away,  for  subsccpicnt  more  suitable  and  offieient  treattnent. 
Beyond  the  runs  of  blankets,  selt-aetingcoucrutratoi':^  should 
be  worked,  and  large  cateh  or  settling  pits  must  be  daftimd 
or  excavated,  for  still  saving  the  heavy  auriferous  climes, 
sulphurets,  etc.  Thus  naturally  concentrated,  it  muy  be 
re-treated  by  the  company  when  a  convenient  time  arrives 
for  the  purpose,  or  subdet  to  others. 

6.  Where  water-power,  or  cheap  steam-power,  and  low 
rates  of  washes,  can  be  taken  advantage  of,  dry  enishinij  and 
subsequent  barrel  amalgannition  (or  a  small  batter}  raade 
expressly  for  supplying  the  wet  pulp  or  "slough"  directly 
into  the  barrels),  anrl  in]prnve<l  Chilian  mills,  have  been  ren- 
dered very  beneficial  ihv  the  working  of  low-grade  quartz,  a§ 
the  extra  lengtlj  of  time  required  is  of  less  consequence, 
because  more  gold  can  be  extracted  from  the  same  rock  than 
when  hurried  through  the  agitated  running  waters  and  coars« 
screen*^  of  a  hattej^y. 

7.  TIic  greatest  possible  economy  of  ^team  and  engine 
filctiou  should  be  secured,  by  having  sulfici en t  surplus  i-uw^t 
for  tlie  maximum  lieneficial  expansion  of  steam,  as  used  in 
vertical,  long-stroke,  single-acting,  high  pressure,  eondensinij 
Cornish  engines,  as  described  in  ChapterR',  Section  IV,  whicll 
are  most  economical.  It  too  frequently  happens  that  drfi^ 
eknoj  of  WRin\  remote  posiimu  ^^nd  (md  roaih^  demand  u  liglitcl^ 
and  non-condensing  machine,  wlicn  the  snniller,  more  waste 
ful,  high  pressure,  horizontal  pntHng  engine  has  to  be  used. 
The  ordinary  method  for  eoudensing  spoils  tlie  water  foij 
battery  amalganiution 
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surface  condensers  are  used,  no  such  effect  can  be  produced, 
but  the  water  is  improved  for  milling  by  being  warmed. 

Water-power  should  be  used,  when  possible. 

8.  In  many  veins,  it  is  very  bencBcial  to  assort  the  rock  for 
quality,  which  should  be  done  first  within  the  mine,  as  it  is 
handed  back  by  the  miners,  and  always  after,  when  po^ible 
without  much  extra  labor,  by  separating  and  keeping  it  sepa- 
rate, passing  it  through  different  mortars;  for,  as  the  low- 
grade  quartz  loses  a  greater  ratio  of  the  gold  than  the  higher 
quality,  it  follows  that  anj-  improvement  of  quality  by  such 
means  must  be  more  profitable;  besides  this  advantage,  it 
often  occurs  that  one  kind  or  quality  should  be  worked  in  a 
very  different  manner  to  another;  and  some  parts,  being  too 
poor,  should  not  be  milled,  or  certain  loss  will  result  instead  of 
profit. 

.  For  an  instance  of  argument,  the  costs  of  mining  and 
reduction  of  auriferous  quartz  may  be  placed  at  $5,  and  an 
average  of  all  the  vein,  without  any  selection,  may  be  $5.50, 
and  this  would  naturally  yield  a  $0.50  profit  on  every  such 
ton  of  rock,  when  forced  through  a  battery  in  this  extrava- 
gant manner;  but  an  intelligent  underground  agent  would, 
by  daily  examination  of  the  mining  and  milling  operations, 
discriminate  the  quality  of  different  streaks,  courses,  or 
pockets,  and  by  leaving  proper  directions  fijr  separation — or, 
rather,  keeping  separate  —  which  requires  little  or  no  extra 
labor,  he  would  thus,  by  increasing  its  avenige  but  say  $2 
per  ton,  not  only  increase  the  profits  five-fold  from  the  rock 
milled,  but  would  also  wive  the  great  expense  of  milling  of 
the  manj'  tons  of  unprofittible  rock. 

In  the  mining  and  preparation  of  the  base  minerals,  this 
economy  from  separation  is  invariablyrealized,orprofitswould 
seldom  accrue  from  the  millions  of  tons  thus  beneficiated. 

Most  of  the  copper  ores  of  Cornwall,  when  first  taken  from 
the  vein,  did  not  average  one  per  cent.,  being  thus  valueless, 
as  nothing  less  than  about  three  and  a  quarter  per  cent,  can 
be  sold  at  a  profit ;  so  that  these  ores  are  broken  to  suitable 
sizes,  hand-separated,  and  machine-jigged,  until  they  are  so 
ridded  of  matrix  that  the  mineral  residue  will  produce  as 
much  more  than  the  minimum  saleable  percentage  as  the 
extra  cost  of  concentration  dictates. 
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The  average  sales  range  but  from  five  to  six  per  cent. 

Till  ores  that  coutiiiii  but  twelve  pounds  of  oxide  per  ton 
may  be  there  eoocentrated  to  absolute  purity,  and  profitable 
results, 

9,  The  general  eonstruetion  of  parts  and  arrangement  of 
driving  gear  of  the  pei?tles  and  mortars  of  Cornish  and  Aus- 
tralian batteries,  are  very  different  to  those  of  Ciilifornia;  aad 
from  these  difterenees  some  of  the  greater  economy  may  bo 
derived.  This  has  bec«,  however,  quite  a  matter  of  opinion; 
but,  to  some  extent,  there  can  he.no  doubt  that  each  may  be  j 
appropriate  for  certain  peeuhar  (jireumstances;  notwithstand- 
ing which,  each  country  retains  strong  preference  fur  thvirj 
own  style,  which  excludes  the  use  of  the  other. 

The  Califomian,  when  all  the  parts  of  each  are  made  of  iron,! 

has  a  slight  advantage  inl 
the  weight;  is  of  more  re-l 
lined  mechanism;  and  a^i 
both  the  stems  and  pc^le 
arecircubir,and  lifted  froraj 
under  the  side  by  a  sail 
bly  curved  eccentric  cam,' 
it  is  said  tcj  liuve  the  addi- 
tional ad  vantages  (by  twigt- 
ing  during  its  fall,  and  oaj 
tlie  bottom  at  the  moment-l 
of  percussion)  of  grinding^  j 
and  more  equal  w^ear. 

The^e  ''cams*'  or  tap-J 
pets  are  double-ended,  \ 
Hit  twice  in  a  revolution! 
of  the  small  wrought-ironJ 
shaft,  on  which  they  arel 
secured  by  keys  at  proper 
degrees  of  the  circle,  to  lift  the  five  pestles  in  suit^ible  snc- S 
cession;  which  shaft  {strange  as  it  may  appear  to  a  Cornish  " 
reader)  is  driven  by  a  belt,  as  shown  by  the  accompanying  cat, 

10.  The  Cornisli  stamps  are  used  in  Australia;  which  haw 
been  fully  described  at  pages  461, 462,  and  463,  in  the  chapter 
on  such  machinery  as  made  in  Cornwall, 

These  heads  are  lifted  by  tappets  or  "cams/' which  ardj 
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wedged  into  a  long  cylinder  or  Imrrol,  five  to  the  ronnd. 
The  engine-shaft  i«  fixed  in  line,  iind  goes  round  for  round 
witlj  this  axle,  at  the  rate  of  twelve  revolutions  per  minute 
(which  has  been  found  the  most  economieal  speed  for  snoli 
un  engine);  and  therefore  each  pestle  fulls  sixty  times  per 
minute.  The  heads  arc  not  arranged  for  continual  twist,  but 
may  be  easily  turned  hulf-round  occasionally,  if  found  necea- 
eary  to  do  so  for  more  ecjuul  wear,  whied  is,  however,  very 
seldom  required.     There  can  he  no  doubt  that  the  hetidd  are 

■  lifted   at   less  expense   of 

m  Cut  53,  .*  -   ^*        I       ,1  ♦      t. 

I  ['let  I  on  by  this  dn'cct  ver- 
tical action  than  by  the 
rubbing,  cyeloidal  motion 
of  tlie  Californian  cam; 
wliilst  far  more  important 
elfeL-ts  are  produced  in 
much  less  space  by  the  ob- 
long mi»rtar-lilling  lieada 
than  by  the  circular  pes- 
tles; this  is  best  seen  by 
the  accompanying  illustra- 
tion, that  is  drawn  to  scale  so  as  tu  show  area  against  area, 
with  comparative  cover,  and  length  against  length,  better 
than  all  the  words  in  the  language  can  express. 

11,  Concentration,  and  suhsecpient  treatment  for  roasting 
off  the  deleterious  volatile  clement,  ami  extraction  of  the 
gold  and  silver  by  proximate  humid  or  fire  chlorination,  and 
^iltimate  pan  and  barrel  amalgamation,  should  be  always 
resorted  to  when  practical,  foi' the  beneticiat  realization  of  its 
precious  contents. 

\2.  All  available  chcaj>  means  should  be  resoi*fed  to,  us 
explained  in  Chapters  VI  ami  VII,  tSectlon  IVj  for  the  reten- 
tion and  separation  of  the  heavy  from  the  light  debris,  as  it 
passes  fnun  the  battery  to  the  eatcli-pits;  and  tliis  being  tirst 
done  by  the  company,  the  pits  may  be  subdet  to  an  intelli- 
gent and  honest  workman,  at  a  percentage  value,  for  niutual 
advantage. 

XHK    MILUNQ    OF  OOLD    HY  BATTERY,  WITH  WATER  AND   MEllCORY, 

This  is  the  most  direct  and  ready  method  for  the  extraction 
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of  gold  from  quaitz,  when  it  5s  id  what  is  called  **free  condi- 
tiou/'  or  metallic,  visible,  and  bright;  but  when  enclosed  in 
tlio  sulphurcts  of  copper,  iron,  or  leud,  it  catinot  be  thus 
extracted  withont  ett'eetual  preparatory  roasting.     In  some 
instances*,  even  tliis  will  tail  to  accomplish  ^uflieientl}'  perfect 
results,  when  the  free  poriifins  may  be  extracted  during  its 
pulverization,  witli  water  and  \oo^e  mercury,  in  battery  anJ 
quicksilvered  e<>ifpcr  phitcs,  and  with  riffles,  shaking  tables, 
etc. ;  the  heavy  residue  of  auriferous  «nlphurcts  may  be  eoo- 
ccnti'atcd  by  flwmes,  buddies,  revolving  or  fixed   blanket 
machiijc  frames,  or  other  concentrators,  and   then  amalgiirl 
mated,  after  oxidation  by  roasting,  or  by  long  exposure  (in 
the  extensive  layers)  to  atmospheric  re -action,  in  close 
rels,  arrastras,  Chilian  mills,  or  ironpans,  by  Plattncr*s  methi 
of  chlnridation,  or  other  chemical  means. 

A  Cornish  or  Californisin  battery  may  be  snpplied  wr 
quartz  by  hand,  or  in  a  self-feeding  manner,  and  sufficient! 
pulverized  that  it  shall  pass  throngh  an  iron  wire  gauze  oi 
perforated  front  screen  plate,  having  from  thirty  to  fifty  lioles  to 
the  inch,  which  is  somewhat  dependent  on  the  fineness  of  thd^ 
gold  and  hardness  of  the  quaitz.*  " 

The  copper  plates  are  generally  placed  both  within  and 
without  the  battery,  and  should  be  electro-plated  wilh  silver, 
so  that  the  <iuieksilver  shall  readily  adhere  to  the  cleaneraDd 
more  attractive  silver  surftice. 

When  copper  plates  are  used  inside  the  mortars  (which, 
however,  realize  but  questionable  advantage),  they  are  gen- 
erally  made  to  flare  at  an  angle  of  about  30  °  towards  the  front 
and  back  sides  of  the  battery;  and  the  feed-plate  should 
overhang  the  sheet  of  copper,  so  that  it  may  not  be  damaged 
by  the  falling  charge. 

The  perforated  screens  of  iron  which  front  the  raorlArs 
should  be  fixed  in  frames,  so  that  they  can  be  readily  sliddcn 
or  unscrewed  from  the  front,  for  better  access  to  the  interior. 
The  outside  copper  plates  will  receive  and  retain  the  coating 
of  mercury  much  better  when  electro-plated  with  silver  thiui 
when  the  naked  copper  is  used. 

*  PcrfomU'd  plates  arc  not  alwajs  tised  La  Gorn^^in  ;   bat  the  in){mlp&bil ' 
debris  is  i^aslietl  qt  ''flushed"  out  by  succeeding  waves  over  ascending  Utt»- 
dtrsj  whicb  then  discharge  into  ordin&ry  buddle  itrips  or  flumes. 
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From  tliree  to  six  plates  are  used,  which  are  placed  in  as  % 
many  steps  or  terraces,  as  long  as  the  breadtli  of  the  mortars, 
and  from  six  to  twelve  inches  in  width. 

These  plates  should  be  of  such  declivity  that  the  escaping 
debris  may  loiter  in  passage  over  the  plates  and  transverse 
intervening  pools  of  mercury,  which  are  thus  angled  for  the 
arrestation  of  gold,  and  the  globules  of  amalgam  or  mercury. 
Shaking  troughs  of  mercury,  and  other  devices  still  beyond 
all  these,  have  been  also  used  to  advantage  in  Australia. 

Plates  may  be  more  readily  amalgamated  when  perfectly 
clean,  which  may  be  easily  accomplished  by  rulibing  them 
with  a  mop  moistened  with  a  small  quantity  of  dilute  nitric 
acid  (iive  or  six  parts  of  water  to  one  of  the  acid),  just  before 
the  mercury  is  applied.  They  may  be  also  cleaned  with  ' 
wood  ashes,  or  other  grinding  powder,  by  rubbing. 

The  mcrcunj  may  be  cleansed  and  prepared  for  better  action^ 
both  for  plates  and  amalgamation^  in  different  ways, 

1.  It  may  be  purified  by  being  volatilized  in  a  heated  iron 
retort,  and  condensed  into  metal  by  passage  through  a  small 
cold  pipe.  Retorts  are  made  and  sold  for  this  express  pur- 
pose; but  they  may  be  extemporized  by  screwing  a  condens- 
ing syphon  pipe  into  the  iron  bottle  in  which  the  mercury  is 
supplied,  and  treating  as  before.  The  heat  should  be  gradu- 
ally applied,  and  the  long  leg  of  the  syphon  may  descend  into 
cold  water,  for  condensation.  The  condensed  mercury  should 
be  then  shaken  with  dilute  nitric  acid,  and  be  kept  at  about 
180°  of  heat  for  some  hours:  now  add  water  and  a  piece  of 
clean  copper,  to  precipitate  the  mercury  from  the  solution. 

2.  It  may  be  partially  cleansed  by  water-washing,  and 
straining  through  buckskin;  the  former  passes  off'  all  the 
lighter  deleterious  mechanical  debris,  and  the  latter  removes 
nearly  all  of  the  amalgamated  metals  by  filtration. 

3.  Much  foreign  matter  may  be  removed  in  solution,  by  a 
mixture  of  two  parts  of  water  and  one  part  of  nitric  acid. 
The  solution  may  be  poured  off^,  the  mercury  well  washed  in 
Clearwater,  and  its  affinity  still  further  sharpened  by  a  small 
quantity  of  a  water-solution  of  cyanide  of  potassium. 

4.  A  small  piece  of  metallic  zinc  may  be  added  to  weH- 
uxJLshedy  strained  mercury,  which  greatly  increases  its  cohesion 


6.  By  nif/  patented  procvssj  as  advertised  in  uartK 

6.  Sodifim  amalf/auK  —  Mr.  Tlioiiias  Bcli,  of  England 
ap[;H*airf  to  have  tborougbly  examined  this  sobject,  my^i 

''  1  WUt'n  a  liitle  of  the  sod  um  amal^ram  vras  ndded  to  the  ordinary  mv- 
rurv,  tlie  iiMiniiy  uf  the  lalter  fur  poNi  wis  j^rt^otlj  iucreased ;  so  tlmi  wht^w 
dippfil  itilo  ii.  UiLM"  were  insitrtiitfy  Luvc-rctl  with  inert' iirv  to  wljieU  tio  frodiuw 
Ijrtd  titen  addiMl.      AtiiJilifniiiiUiun  wns  very  ^]oWp  iiiid  difllfull  iu  olitniti. 

"2.  Kloiiretl  uicrcurj  innui'dirtti'Ly  riiQ  to;^i4hcr  icLto  ii  «;|i)gle  glubiiiCf  oo  tht 
midillort  of  li  llule  sodiuoi  iit]ia!;{aiiK 

"  d.  When  iron  pyrites  (bi  sul|>liiirt't  t»f  iroii)^  inngaetic  iion  pyritej  (siil- 
IjUuret  o\'  iruij),  or  copper  pyritk-s  (sulphurel  of  copper  mid  irt*n),  wen?  irilii- 
mted  H'itli  sodium  iimiilpiDu  the  pyrites  were  decatnposed;  niid  on  the  Addition 
of  water,  ft  bluck  preeipiTiiie  of  siilpliiiret  of  iron  was  obLtiiiied. 
►  *' 4*  Triluraled  with  sodium  amalffiuu — w^  Ari*eriicitl  pyrites  were  decato- 
poAed,  and  Jirsenic  am>ilgiiTii  Ibnned  ;  //,  (ifitena  (trulphuret  of  lend)  vrrt*  dccoiu- 
poaedf  Aud  l*^rtd  nmKl>rjim  formed;  r,  Blende  (siiljdnaet  of  zinc)  wws  decum- 
po^ed^  atui  xIih'  aiiisilyunj  formed;  »/,  Lillrurge  (uxide  of  lend)  und  wbito  l«^"«l 
^CrtrhoiHiie  of  lead)  was  decomjiosed^  and  lead  nninl^ati]i  formed. 

'' Froio  ihesc  experimeritSj  it  Hppeura  that  ^(Miiuoi  uittdljj.im  brts  no  enerjitllf 
iielion  upon  both  the  oxides  and  Kul|diuret8,  reducing  hofh  ;  nnd  n»  I  be  eckki'O* 
iug  and  flouring  of  mercury  i.«  su^tpos^ed  to  be  due  to  the  fornitttion  of  Ibi 
proto3(lde  and  the  i^ulphuret  of  mercury^  its  betielitiu]  effect  Hppeurs  to  He  la 
the  redueliori  of  ihe$e;  but  if  ndded  in  excesii,  it  will,  after  effiTiiiig  this  opem- 
tioo,attiuk  the  ores  of  the  biise  inetiiile},  iiud  with  many  of  ihcm  form  RnialgAtn»> 
The  mr-Teiiry  then  becomes  loaded  with  the  base  melftls,  nnd  its  action  upon 
silver  and  guld  is  greatly  reduced.  Mhere  arrieiiieal  [pyrites  U  eontHitied  in  iUf 
nrt*  trented^  the  arsenic  nuuiigum  formed  by  the  nciion  of  the  exccis  of  eodiutt} 
(lout a  on  llie  surHice  of  tbe  mereury,  ami  prevents  the  gold  from  ci>niia^  io 
lonlaet  with  il.  U  n  thus  seen  thjit  only  sutlicient  sodinni  should  be  added  10 
reduee  any  mineralized  mereuryTiind  to  keep  il  in  lUi  efficient  state  The  quan- 
ttrj  added,  and  the  duration  of  ila  effect,  wil!  vary  with  different  kinds  of  ore 
treated,  and  it  h  well  known  that  some  minerals  sicken  and  floyr  the  mercury 
inucli  more  quickly  thun  otlnfi^.  The  whole  quesitou  of  the  fouling  of  mer- 
cury, when  uised  for  anjalgamalion,  retpiires  a  much  more  careful  cheinieal 
e.^amiuation  than  it  bajj  yet  received,  and  it  is  a  matter  of  great  irtiportiince  lu 
itiiners  that  the  atteiitioti  of  i^o  Able  ti  cbemiBt  ds  Mr.  Crooke  hai  been  directed 
to  the  aibjcct,"' 

//  irdf  be  j^cfn  from  (be  ahotr  cxamitmd'on^  that  sodium  amul 
gam  is  venj  effedive ;  uulealy  for  sottte  base  oris,  io^t  much  so^for 
all  are  amalgamated  that  ever  form  .iueh  imion  with  mervivy^  and 
great  jathjment  is  therefore  necessary,  so  as  to  ascertain  when  i( 
should  or  shoidd  not  be  ased. 

There  can  he  no  doobt  of  its  being,  in  some  cases^  betiefi- 
cial;  whilst  it  is  of  general  benefit  for  the  more  rapid  and 
efteetiial  amalgam  at  ion  of  copper  plates. 

About  one  and  a  half  per  eent,  of  tlie  sodium  amalgam  ia 
mjxed  with  ortlinary  mereury,  whieli  is  then  delivered  lo  the 
mortars  of  tlie  battery  in  the  usual  manner  every  half-hoar» 
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in  quantities  that  vary  according  to  the  rock  (about  one-fourth 
of  an  ounce  will  be  generally  sufficient),  and  which  can  be 
asceiiained  by  the  appearance  of  the  outside  plates.       • 

If  they  are  dry,  more  mercury  may  be  added,  until  the 
faces  show  a  semi-liquid  appearance.  If  small  globules  pass 
away  in  the  tailings,  and  the  plates  are  quite  liquid,  less 
should  be  supplied. 

The  most  certain,  and  by  far  the  better  way,  is  to  tie  a 
piece  of  strong  cloth  firmly  on  to  the  neck  of  the  bottle,  so 
that  the  mercury  may  be  filtered  through  in  smaller  and  more 
certain  quantities. 

If  the  outside  plates  expose  evidence  of  natural  repulsion 
for  amalgamation,  they  may  be  revived,  for  affinity,  by  a  dash 
of  cyanide  of  potassium,  and  application  of  one  of  the  supe- 
rior alloys  of  sodium  or  zinc  amalgams,  or  sometimes  by 
nitrate  of  mercury,  which  copper  precipitates. 

The  zinc  amalgam  is  als  >  much  superior  to  ordinary  mercury^ 
for  it  has  greater  acticilg,  and  a  peculiarly  strong  affinity  for  silver. 
andgoldy  but  does  not  so  readily  amalgamate  with  the  base  metals; 
so  that  where  the  sodium  should  not  be  usedy  this  can  be  brought  into 
much  more  effectual  service. 

Although  it  is  sometimes  beneficial  to  use  mercury  in  the 
battery,  as  well  as  on  the  outside  plates ;  at  other  times,  with 
gold,  which  amalgamates  more  readily,  it  appears  to  be 
nnnecessary:  this  should,  however,  be  decided  by  actual  and 
individual  trials. 

For  some  kinds  of  auriferous  quartz,  it  is  also  very  advan- 
tageous to  supply  a  diluted  solution  of  cyanide  of  potassium, 
drop  by  drop,  from  suitable  jars  placed  over  each  mortar, 
which  sharpens  the  action  of  the  mercury  for  union  with  the 
gold,  both  on  the  interior  and  exterior  copper  plates. 

THE    MILLING    OP   GOLD   AND    SILVER    ROCK    IN   DRY   STATE,    FOR 
SUBSEQUENT   ROASTING   AND   FINAL   TREATMENTS. 

This  is  simply  the  pulverization  of  the  quartz  from  the 
rock-breaker  or  hand  sledge,  without  any  water,  as  in  an 
ordinary  mortar,  so  that  the  impalpable  powder  shall  pass  by 
way  of  close  pipes  from  the  mortars  to  suitable  receivers,  f  jr 
being  roasted,  panned,  barrelled,  chlorinized,  or  dissolved  and  • 
84 
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precipitated  by  other  chemical  methotls.  Cut  52  shows  sucB 
a  buttery.  In  tLis  pulverization,  the  whole  is  generally  made 
to  pais  through  a  screen  of  wire  gauze  having  forty  boleato 
the  lineal  inch,  or  1600  to  the  square  inchi 


THE   AMALflAMATION    OF   GOLD    IN    IROK    PANS. 

This  is  merely  a  continuation  from  the  treatment  in  bat 
tery,  as  last  described.  Tho  pulverized  ore,  that  may  oontaic 
eome  unamalgamated  free  gold  besides  that  which  is  either 
parlially  glazed  overj  or  securely  imprisoned  in  eulphurets,! 
being  caught  in  large  catch- troughs^  is  now  to  be  further 
ground  in  iron  pans,  with  mercury  and  sntBcicnt  water  to 
form  a  mobile  polp,  in  which  the  mercury  circulates  for  the 
more  thorough  amalgamation  of  the  gold,  as  it  is  released 
and  brightened  by  friction,  for  actual  contact  and  efieetual 
affinity. 

During  the  charging  of  the  mrrcun/,  and  until  you  can 
observe  it  in /proper  ciradalion  amidst  the  pulp,  which  should 
be  carefully  brought  to  proper  consistency  for  this  purpose, 
the  niullei;  or  grinders  sliould  be  slightly  elevated  from  con- 
tact with  the  bottom,  so  that  the  mercury  may  not  becomo 
"floured,"  or  too  much  divided  into  minute  paiticles,  as  it 
cannot  be  very  readily  recovered  into  total  union  as  before, 
and  a  loss  of  both  mercury  and  gold  would  be  the  result. 

If  this  should  occur,  a  very  little  of  the  sodium  amalgam 
may  be  added  for  it5  re-union,  as  this  appears  to  be  its  most 
remarkable  power. 

The  charge  usually  treated  for  the  largest  and  best  pans,  of 
four  and  a  half  feet  in  diameter,  varies  from  2000  pounds  to 
2500  pounds,  which  may  have  from  one  hundred  and  forty  to 
one  hundred  and  eighty  pounds  of  mercury, 

7'he  speed  of  (he  midlers  of  such  a  pan  may  be  from  forty  to 
fifty  revolutions  per  minute. 

The  tune  gwen  for  amalgamation  is  generally  a  little  less 
than  four  hours,  so  that  six  runs  may  be  made  iu  the  twenty-  M 
four  hours,  " 

The  charge  is  then  run  off  with  excess  of  water  into  sepa- 
rate stirring  vessels,  for  settling  the  mercury;  and  the 
auiiferous  sulphurets  are  caught  and  concentrated,  for  I 
ficiation  by  chloridation. 
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The  mercury  is  now  recovered  for  re  charging  as  before;  it 
need  not  be  strained  more  than  about  once  a  week  for  its 
amalgam  of  gol<l. 

Such  a  pan  will  pass  through  from  four  to  five  tons  per  day, 
and  the  number  of  pans  should  be  equal  to  the  capacity  of 
the  battery.  The  whole  arrangement  may  be  seen  in  the 
large  cut  of  Califomian  battery,  pans,  settlers,  etc.,  at  the  end 
of  this  work. 

For  sulphurds  and  floating  gold^  this  is  ineffectual,  whilst 
it  is  too  expensive  for  low-grade  rock;  eo  that  unless  silver 
ore  is  also  present  in  notable  and  profitable  quantity,  it  will 
seldom  be  beneficial,  if  proper  precautions  be  taken  for  real- 
ization of  the  available  gold  in  battery,  and  for  retention  and 
concentration  of  the  heavier  debris,  for  ultimate  chloridatiou 
and  precipitation  of  metallic  gold  by  Plattner's  process. 

MILLING   OF   GOLD    AND    SILVER    IN    IRON    PANS. 

It  has  been  previously  stated,  and  should  be  always  remem- 
bered, that  no  ore  can  be  worked  with  certainty  until  its  con- 
stituents are  ascertained,  so  as  to  know  if  it  should  be  roasted 
or  milled  in  direct  manner;  chloridized  or  smelted. 

Having  decided  that  it  must  be  milled,  either  before  or 
after  roasting,  by  battery  and  iron  pans,  tor  both  silver  and 
gold,  the  following  may  serve  to  guide  you  against  the  omis- 
Rion  of  certain  requisites,  and  the  commission  of  serious 
errors. 

1.  Chemists  are  not  thoroughly  acquainted  with  the  actions 
and  re-action3  which  transpire  in  pans;  but  this  much  is  cer- 
tain, that  thorough  decomposition  is  not  produced  in  a  humid 
\»heraical  manner. 

2.  It  is  a  well  substantiated  fact  that  the  heat  created  by 
friction,  during  the  pressure  of  grinjjing,  causes  an  electrical 
action,  which  the  iron  of  the  pan,  the  mercury,  and  liquor, 
increases  by  electro -galvanism;  so  that  these  may  be  the 
effective  causes  for  amalgamation. 

8.  It  is  more  important  that  the  mercury  be  kept  in  clean 
active  condition,  by  retorting,  straining,  and  the  aid  of  clean 
water  and  suitable  chemicals,  as  described  under  "Gold" 
and  in  the  comparative  and  collective  treatments  of  Califor- 
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nia  nui  Australia,  tlion  that  any  cbemicals  should  be  add 
for  reducinj?  the  sulpha  ret  ores,  by  any  such  direct  means, 

4,  lu  the  aniiilgauiatioii  of  the  sulphurri  of  silver  ores,  the 
most  experienced  men  have  declared  that  nothing  has  been 
gaiucfl  by  the  use  of  expensive  and  strong  clieniicals;  bafi 
this  cannot  be  true  fortlie  more  eomraon  and  eheapcrsalt,  ii 
the  hot  sohttions  of  which  silver  is  sohible. 

5,  When  chemicals  are  used,  care  should  be  taken  tha 
thoii'  el  e  incuts  are  eaten  luted  for  producing  Bome  espocia 
ett'ect,  and  that  they  will  not  act  on  each  other  tor  usek 
nentralization,  as  acids  with  alkalies,  alkaline  earths,  etc. 

6,  If  the  alkaline  earths  are  present,  it  will  be  better,  foi 
the  reasons  under  the  last  heading,  to  treat  both  the  mercur 
and  tlie  ore  with  one  of  the  alkaline  or  neutral  receipt^ ' 
at  least  by  such  as  will  not  act  on  these  matrices. 

*7*  The  chemical  changes?  which  are  produced  by  roastirij 
are  more  direct,  ceiiain,  effectual,  and  economical,  than  anj 
yet  attained  by  humid  methods. 

8.  The  chemicals  used  should  also  be  conformable  totli 
condition  that  has  been  produced  by  roasting;  for  if  the  sil 
ver  is  sought  fur  by  hot  chloridation  and  amalgamation,  tliJ 
base  metal  chlorides  will,  by  being  soluble,  have  actaallj 
supplied  some  of  the  chemicals  in  excess;  also,  if  the  niast* 
ing  has  been  wufficieutly  prolonged  for  the  formation  of  the 
soluble  sulphate  of  silver,  the  pan  will  require  salt  for  better 
amalgamation  ;  and  if  the  base  minerals  have  been  oxidized, 
they  will  unite  with  acids  so  readily  as  to  completely  nullity 
any  other  useful  eftcctg  which  might  have  been  intended*  t 

9-  There  are  several  iron  amalgamating  pans  of  the  diffel!^| 
ent  inventors,  illustrated   at  the  end  of  this  work;  but  to i 
attenipt  to  say  which  ia  best  will  be  worse  than  pillowiogoD 
a  hornet *s  nest;  jndge  for  t/oursdves, 

10.  In  selecting  pans,  you  may,  however,  bear  in  mind 
the  best  grinder  is  not  necessarily  the  best  amalgamator,  ad 
therefore  a  mean  lietween  the  two  ettects  will  be  mosstdesir 
ble.  It  is  also  necessary  that  convenient  screw  actioQ  ahoul 
be  provided  for  raising  the  grinding  shoes  from  tlie  bottom 
when  advisable  to  do  so.  For  treating  silver,  the  bottQ| 
should  be  made  hollow,  for  the  admission  of  steam. 
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11.  Separate  settlers  should  accompany  pans,  as  they  save 
time,  and  perform  the  work  much  better. 

12.  Gold  can  be  amalgamated  just  as  promptly  and  com- 
pletely in  cold  as  in  hot  water;  chemicals  are  only  valuable 
for  cleaning  and  increasing  the  activity  of  mercury,  as  previ- 
ously explained;  it  is  otherwise  amalgamated  in  pans,  in  sim- 
ilar manner  to  silver. 

13.  Silver,  on  tlie  contrarj-,  can  be  amalgamated  much 
more  easily  and  effectually  in  hot  solutions  than  in  cold; 
especially  when  salt  and  the  other  soluble  chlorides  are  used 
to  dissolve  or  precipitate. 

14.  Free  g  Id  can  be  beneficially  awalgamafed  in  battery,  with- 
out pans,  barrels,  arrastras,  or  Chilian  mills,  by  sufficient 
extent  of  surface  of  amalgamated  plates,  etc.,  etc. ;  so  that 
the  expensive  pan  process  is  more  beneficial  for  the  founder 
than  the  miner. 

15.  When  silver  is  also  present  in  remunerative  quantities, 
it  should  have  the  double  treatments  of  battery,  pan,  etc. 

16.  Some  of  the  silver  ores  are  so  friable  that  they  will 
pass  oft*  in  the  agitated  waters  of  a  battery  to  an  alarming 
extent;  so  that  either  dry  crushing  should  be  resorted  to,  or 
the  battery  be  worked  with  but  sufficient  water  for  the  sup- 
plying of  the  whole  of  the  water  and  pulverized  ore  to  large 
catch-pits  for  barrels  or  pans,  to  obtain  greater  security  and 
much  more  complete  amalgamation. 

THE   MILLING   AND  AMALGAMATION   OF  SILVER  ORES   BY   BATTERY 

AND    PAN. 

I  am  informed  that  Mr.  Almarin  B.  Paul  first  used  iron 
pans  for  the  amalgamation  of  silver  ores  pulverized  by  bat- 
iery,  at  the  "DeviTs  Gate  Mill,"  near  Silver  City,  Nevada. 

The  twenty -four  stamp  mill  and  its  sixteen  pans  were 
ordered  on  the  seventh  day  of  June,  1860,  and  started  on  the 
morning  of  the  eleventh  day  of  August  of  the  same  year. 

At  that  time,  it  was  useJ  merely  as  a  more  convenient 
arrastra,  and  little  difterence  prevailed  in  the  chemical  treat- 
ment of  the  ores;  although  it  was  made  to  travel,  grind,  and 
amalgamate  much  faster,  and  thereby  force  more  silver  from 
the  rock  in  the  same  time,  regardless  of  what  percentage  was 
loft  in  the  tailings. 
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There  is  Btill  great  vvawtc  of  j^ilver  (amoimting  to  some  $20  j 
per  ton  in  tlie  tiiiliiigs),  after  the  best  treatment  by  modemi 
pans ;  &o  that,  witli  all  the  exporieuce,  these  more  expeditious 
pans  must  he  plneed  hehind  barrels,  and  but  just  ou  eqnahty 
with  improved  Chilian  mills  and  gotid  airastra§,  both  as  regards 
coat  for  cxtraetlun,  and  the  percpntugc  of  silver  obtained, 

When  the  ores  reqnire  to  be  roasted  and  chlorinized,  for 
more  etfectiial  amalgamation  in  pans,  they  must  be  iieee«i- 
tonsly  crushed  in  the  battery  in  a  dry  condition;  and  it  U\ 
Ireqnently  better  to  crush  dry  in  other  instances,  for  maojl 
silver  ores  nrc  so  friable  that  tljey  will  )>ass  away  trom  thoj 
battery  by  floatation,  as  a  Iiighly  argentiferous  impalpahloj 
powder,  and  occaBion  very  eonsideral)!e  loss. 

In  this  connection,  it  mnst  be  remembered  that  all  the  sil'^ 
ver  ores  are  remarkably  soft,  and  will  consequently  become' 
finely  powdered  very  much  sooner  than  their  qnartzose 
mfitrix.  These  things  liave  not  been  sufficiently  regarded 
by  millers,  and  the  total  credit  has  gone  to  roasting,  when 
the  accompanying  nnd  nf(\-ssart/ dn/ anisbing  ii.\mn\d  liave  atj 
least  had  a  considerable  share  of  the  resulting  diiFerence  over 
the  direct  wet  treatment  of  raw  ores. 

The  ore  is  first  pulverized  in  the  battery,  either  dry  or  wet,' 
as  for  the  battery  amalgamation  of  gold,  but  not  nGcoiaarily 
to  such  fine  division;  as  the  9of(  and  coarser  oros  are  niored 
readily  ground  to  unite  with  mercury  than  is  the  case  for| 
gold,  where  the  hard  qnmiz  has  to  be  so  finely  groiiDil 
that  the  most  mimiie  specks  of  gold  may  be  reached  bylha' 
mercury. 

Whatever  pan  yt»n  may  select,  it  should  be  very  largo — say  | 
six  feet  in  diameter — a-s  much  more  can  he  treated  ut  ahottt] 
the  same  expense  of  time  and  money.     It  shouhl  be  made 
with  a  hollow  bottou),  for  steam -heating,  and  have  a  con- 
venient moaus  for  raising  the  grinders  as  often  as  may  be 
desirable  from  the  bottom,  for  better  initial  dissemination  uf| 
nnflourcd  mercury,  and  subsequent  settling,  before  it  is  run 
oft'  into  separate  stirring  scltlers. 

The  water  is  first  charged,  then  the  ore,  just  so  that  thej 
mass  of  pulp  shall  roll  over  and  over  in  it^  annular  spiral ' 
route,  in  a  free  and  easy  manner,   neither  so  wet  that  the 
mercurv,  which  is  now  charged,  shall  be  at  the  bottom  of  the 
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pan,  nor  so  dry  that  the  grinders- shall  either  force  passage, 
or  carry  the  pulp  forward  with  stubborn  roll,  or  en  masse. 

The  quantity  of  the  charges  of  ore  and  mercury  must  be 
governed  by  the  capacity  of  the  pan,  a  six  feet  pan  managing 
about  six  hundred  pounds  of  ore,  and  requiring  about  one- 
eighth  its  weight  of  mercury,  prepared  as  for  goUL 

The  chemicals  that  were  used  in  1863,  for  working  the 
gray  sulphuret  ores  of  the  Comstock  vein,  as  recorded  by 
Mr.  KUstel,  appear  more  varied  than  accurate  or  useful,  which 
may  be  seen  from  the  following  list.  The  quantities  are  said 
to  be  equal  to  from  250  to  500  ounces  of  silver,  and  sufficient 
for  a  ton  of  ore. 

"  a.  Chloride  of  copper,  13  pounds ;  common  salt,  60  pounds 

b.  Chloride  of  iron,  13  pounds. 

c.  Sulphate  of  iron,  1  pound ;  sulphate  of  copper,  8  pounds; 
common  salt,  80  pounds. 

d.  Sulphuric  acid,  3  pounds;  sulphate  of  copper,  2  pounds; 
salt,  15  pounds. 

c.  Sulphuric  acid,  2  pounds;  alum,  2  pounds;  sulphate  of 
copper,  1|  pounds. 

/.  Sulphate  of  copper,  1.2  pounds;  sulphate  of  iron,  1 
pound;  sal  ammoniac,  0.8  pound;  common  salt,  2  pounds. 

//.  Alum,  IJ  pounds;  sulphate  of  copper,  IJ  pounds;  salt, 
40  pounds. 

h.  Muriatic  acid,  3D  ounces;  peroxide  of  manganese,  8 
ounces;  blue  vitriol,  10  ounces;  green  vitriol,  10  ounces. 

i.  Common  salt,  15  pounds;  nitric  acid,  1  to  2  pounds; 
sulphate  of  iron,  1  to  2  pounds. 

L  Common  salt,  25  pounds;  blue  vitriol,  2  pounds;  cate- 
chu, 2  pounds.'* 

It  is  clearly  shown,  by  comparison,  that  the  above  receipts 
were  governed  more  by  random  notions  than  chemical  induc- 
tions, as  more  particularly  displayed  under  the  letters  t\  d, 
and/,  and  in  the  variations  of  the  more  generally  recognized 
salt;  the  chemical  practice  having  been  once  stalled,  each 
vied  with  the  other  for  superior  process  receipts,  and  none 
stopped  for  sober  comparative  trial  with  the  non- chemical 
pan  and  mercury. 
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It  now  nppears  tlmt  if  efficient  lurgc  pans  be  drivep  at  a 
lively  speed,  >v armed  bj  steam  in  hollow  bottoms  to  about 
160  "^  of  heat,  ond  supplied  with  mercury  in  good  eonditioD 
for  nffinity,  that  friction^  hcai,  -properly  prepared  merettrtf,  and 
thorough  ctrcidafhm  of  (he  pulp,  will  successfully  compete  with 
any  one  of  the  chemical  reeeiptg. 

It  is  therefore  an  important  question  whether  these  sup- 
posed excellences,  from  all  except  salt  and  soluble  chlorides, 
did  not  arise  from  their  direct  action  on  the  mercury,  duriDi^ 
this  short  process,  ruthcr  than  on  the  ore  itselt? 

If  chemicals  are  uscd^  their  nutch  better  applkation  way  be  % 
the  pirUmimm/y  more  ecrtain,  hat  slower  action  of  a  modJfied 
Patio  process,  on  large  quantities  without  mcrcurn^  for  complrilm 
in  pans  with  merotay. 

In  the  supposed  best  receipts,  sulphate  of  copper  is  pres- 
ent, which  would  be  precipitated  by  the  iron  pan,  durinor  tlie 
grinding  of  sulphuret  ores,  as  metallic  copper;  thus  it  would, 
by  uniting  with  mercury,  increase  its  affinity  and  galvanic 
action  fi>r  superior  amalgamation. 

If  this  is  the  most  efficient  re-action,  the  sulphate  of  copper 
or  the  metallic  copper  had  better  he  introdnced  to  the  mercury 
itself,  by  direct  amalgamation  in  tlie  pan  or  )jreparatory  bottle. 
Copper  strips  eould  be  placed  on  the  grinders,  for  removal, 
when  necessary  to  do  so. 

Tlje  cleansing  of  mercury  has  been  already  described  under 
"Gold,"  and  this  matter  of  alloy  disewsscd  under  the  '^Zlac 
and  Sodium  Anmlgams,"  at  pages  5*27,  528. 

As  zinc  has  a  more  superior  affinity  for  silver  and  mercury 
than  for  the  other  associated  metals  and  minerals,  and  causes 
a  fitill  greater  galvanic  action,  there  can  be  but  little  doubt 
that  amalgamation  will  be  much  more  readily  attained  by 
mercury  thus  prepared  as  tliere  directed,  tlian  when  it  is  not 
so  chargcth 

Sudium  amalgam  is  also  most  valualde  for  concentration 
of  ^*Jloured"  mercury. 

Ah  it  18  Fo  evident  that  morcury  must  be  in  good  condi- 
tion, it  should  be  frequently  examined  during  the  grinding, 
and  when  fouled  to  sluggish  affinity,  it  may  be  tVuiml  very 
advantageous  to  withdraw  it,  and  supply  active  mercury  for 
the  more  effectual  completion  of  the  run. 
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Common  salt,  however,  is  found  to  bo  honoRoiuK  for  iw^mouji 
given,  and  being  cheap,  it  is  ocononiioally  availablo. 

The  mechanical  manipulation  of  the  oiv  is  vorv  8*nnplos 
but  it  is  necessary  that  care  should  bo  taken  as  tw  spoetl  of 
pans,  and  proper  circulation  of  the  pulp,  whirh  is  i^entTally 
carried  too  much  to  the  periphery  by  eentrirni^al  foreo,  umUmh 
well  provided  \vith  opposhig  nieehanieal  means  for  n»tnrninji( 
it  to  the  centre;  large  pans  have  a  great  adv.intagi*  in  MTm 
respect,  as  well  as  in  the  extra  (pumtity  that  n\\\  b<«  rc'iliuMMJ 
in  the  same  time,  and  it  is  prol)abl(*  th:it  ainiulur  pntm 
of  much  larger  size  will  be  found  still  mom  ndyanl.  i^iMnm.  * 

The  heat  produced  from  steam  and  grinding  dri<u  tin*  pulp, 
and  care  should  be  taken  tha .  th(j  watcM*  is  addi'd  in  u  n*giihir 
manner,  or  the  pulp  will  be,  for  the  greater  part  of  the  fimo, 
either  too  wet  or  too  dry. 

The  time  of  grinding  is  so  arrang(jd  thai  a  Hirnlhir  nurrilMrr 
of  charges  shall  be  comjileted  in  the  twenty-four  lion? .<,  and, 
to  this  end,  a  little  less  than  four  hours  are  giv^Mi.  S#!p/init/j 
stirring  pans  settle  the  la^t  runs,  so  that  th*;  pannin;/;  i<  'on- 
tinnal.  The  mercury  is  only  orr;aHi/in:illy  utraln^'rl,  fnfonl'iuf/ 
to  the  richness  of  the  ore,  or  f»re-eri^«»  of  ba-"/-  anial/af/i. 

At  the  proper  time,  when  it  \ff'//\u<  to  -ho.v  ^.i/ri'  of  fh'K:k 
ening,  it  must  be  drawn  off.  atter  r:';iiip|/  tion  of  the  f)t,trf//i 
and  discliarire  of  the  piilp.  by  removing  tf»'-.  bottom  pl'tsj^, 
washed  thon'iuirhly  ^lejn.  arid  ffi'-  rn^r'-iiy  MiTi  •fr.iij.ed 
through  a  eonieal  ba^r.  wh:'';li  i-  M»ade  of  <f.ror»/  /;.*r»v  m.  jo  a^ 
to  leave  the  thick  arnalcraru  hel.inrj  oi»  r\i(:  (ilfer.  To  r^^ry/V^^ 
the  last  trace  of  llnid  mer:  ii-y.  ;»/,rri^;  litrie  pf^y  .r^  r,,;!/  r^, 
applied  on  th*;  ma--. 

Tl is  <? maffjoii'  r , . , 7 '>  K"  r ^*%r '-  //  /' . r  th;>  >-.//> z* ^ .- y  f,f  y,% ,-  r», ,•  y  /> ^/i 


realization  or  fh^  ; 7//  /.-J  ^-h'' 

•.   sv  ;i'.  ;i;'.^^i  vj^  .'   •  r.   ■  -. 

simple,  and  j>*  •:;...  .»!•  '..  * 

;•-.-.■*  r-'.r  :■•.  »/  :./  'o-i    /.i 

The  retort  \^  v..*.:-:  ^r 

I-*"-       .•'.',              '.r                  {    -         r     .*         *^.     %'   *' 

mostiv  «--v!in.ir: -:i..    -.:•  ^f  -«-. 

.-.  .^v,'.;  ..:,;,..>■.■..      f 

rib  on  eai:K  rrr^^—.;*.  -  :  ^    • . 

".  /      *  V     1-        .    .''       '■      /*            it  . 

mar  \te  laid    ,».  •  ..•  -   :  •   »  • 

i  '/  '.  ^  '■'      1.           '  . 

that  two  rfii'T*  Vi.i  ;     ♦•  -'•    .•' 

■     '•  ^  ■  .  •/  •".'    -■  ■   ■  ' 

back,  to  r<*rii'--.    -  v  ■  -j-  • 

■i    *  ■•  -  -.'.  ■  -.  .  ^   /.'  '.»    ■  •' 

It  H  tr'STi'^ri    ;   .  :i...     '•  .• 

'"     •  -.■    ".•,  -t  ,•   "   '•..  *     .'.»    / 

flOQie  ten  or '*!i---:.      ■   --^ 

.    i    *.'..•*-*■*       '4  ■   ^'7  ■«   j*»v, 
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ible  door  at  the  tin 


removable  door  at  the  nre-end,  and  a  eyphon  pipe  cf  «onae 
live  or  six  feet  long  nt  the  otlicr  end;  this  pipe  leaves  fmrn 
the  top,  and  is  terminated  by  au  expanded  funDcl-mouth, 
whicli  descends  about  au  incli  into  the  water  of  a  suitable 
iron  tank,  tliat  receives  the  eontlensed  mercury. 

If  the  fuel  is  wood,  the  fire-place  may  extend  the  whole 
length ;  but  if  charLoal,  istone-coal,  or  coke  is  used,  about 
two  feet  six  inclics  will  be  found  sufficient. 

The  cones  of  amalgam  may  be  now  broken  in  Bniall  pieces, 
and  placed  within  the  lower  half  of  the  retort,  wliich  had 
been  previously  luted  with  a  thin  coat  of  finely  pnlven7.ed 
wood  ash,  to  prevent  adheruuee.     The.  end  must  be  novvi 
stopped  perfectly  tight,  by  the  eerewing  or  keyina:  on  of  thej 
door,  over  a  joint  of  finely  pulverized  and  moititened  ash. 

The  fire  may  be  kindled,  nod  the  retort  brought  very  grad- 
ually  to  a  low  red  and  red  heat,  when  the  volatilized  niercaty| 
is  contlensed  in  tlie  vertical  part  of  the  syphon  pipe,  which  ia 
enclosed  by  another  larger  pipe,  through  which  cold  water 
flows  eoutinuall}',  after  the  manner  of  Liebigs  condenser,  forB 
still  more  speedy  and  etiectual  condensation. 

The   success  of  this  operation  depends  on  the  gradual 
increase  of  temperature   to  low  red,  which  requires  some 
three  or  four  hours,  wdien  it  should  be  increased  to  just  red^j 
but  no  higher,  for  about  three  hours  more,  until  no  mercuryj 
falls  into  the  tank. 

The  fire  is  now  removed,  or  allowed  to  bum  down;  aud 
alter  the  retort  becomes  quiie  co(d^  the  charge  of  metiillicj 
sponge  is  removed  for  furtlicr  purification,  as  directed  underj 
the  past  headings  26  and  27  in  the  chapter  lor  **  Assaying  < 
Gold  and  Silver,"  at  ]iages  2K4  and  28*5,  and  under  ihc  future' 
Chapter  IV  of  this  Section,  on  ''^melting." 


AMALOAMATIXG    IN  COPPER- BOTTOMED  PANS 

Is  priueipally  used  in  South  America,  for  rich  rock,  wliich 
contains  either  the  chloride,  bromide*  and  iodide  or  metallic™ 
silver.  | 

If  the  native  ore  is  in  any  other  form,  it  must  be  brongbi 
to  one  of  these  conditions  by  artificial  mean'*,  such 
iiig  at  higli  temperature  for  reduction  to  metal,  or  witli  i^At 
ibr  ehloridation. 
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The  ores  are  first  pulverized  in  dry  condition,  by  the  most 
convenient  means,  to  an  impalpable  powder,  which  is  then 
placed  in  copper-bottomed  pans  or  kettles,  with  about  twice 
its  volume  of  water,  some  ten  per  cent,  of  salt,  and  as  much 
mercury  as  there  is  silver  in  the  ore. 

This  is  well  stirred,  and  boiled  for  some  five  or  six  hours, 
during  which  an  occasional  examination  is  made  of  the  mer- 
cury, so  as  to  see  by  its  fluidity  or  pastiness  whether  more 
mercury  should,  or  should  not,  be  added,  for  amalgamation 
of  the  still  remaining  silver. 

It  is  said  that  the  loss  of  mercurj'  about  equals  the  quan- 
tity of  silver  gained,  which  is  less  than  that  from  amalgama- 
tion in  heaps. 

This  is  a  very  simple  means  for  reduction  of  silver  ores; 
and  where  wood  is  pleiUfful,  and  roasting  and  chloriddlion  must  be 
accomplished  even  for  ordinary  amalgamation,  it  appears  to 
deserve  more  attention  than  it  has  ever  had  given  to  it. 

It  require H  but  trifling  power;  much  less  outlay  for  pur- 
chase, carriage,  erection,  and  running  expenses;  and  but 
little  skill  for  manipulation:  any  number  of  kettles  may  be 
used,  either  under  cover  or  in  the  open  air,  which  may  be 
placed  on  a  terrace  in  the  side  of  a  hill,  so  that  the  fires  may 
communicate  with  one  transverse  flue,  and  thence  to  another 
diagonal  ascending  flue,  or  elevated  chimney,  of  sufficient 
size  and  height  for  creating  draught  for  the  number  of  fires 
required. 

AMALGAMATING    IN   ARRASTRAS. 

This,  the  most  primitive  means  for  mechanical  amalgama- 
tion, has,  and  still  will  have,  many  advantages. 

1.  It  will,  under  good  supervision,  yield  fair  results. 

2.  It  is  the  cheapest,  easiest,  and  most  convenient  means 
for  the  poor  man. 

3.  It  can  be  worked  by  horses  or  mules,  where  feed  can  be 
obtained. 

4.  It  is  both  battery  and  pan. 

5.  It  can  be  made  on  the  spot,  and  requires  no  expensive 
carriage. 

6.  It  requires  no  expensive  covering. 

7.  It  has  no  costly  wear  and  tear. 
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8.  There  is  Tiat  mii€h  difficulty  in  its  management 

9.  A  small  quantity  of  mercury  is  required  for  working. 
10.  No  chemicals  nor  tires  are  needed. 

To  arrauge  thia  apparatus  for  work,  a  kind  of  pan  is  made, 
by  either  cutting  out  from  the  natural  bed* rock  a  circular 
bottom  of  about  fourteen  feet  diameter,  or  by  inlay iug  seg- 
ments of  cemented  stone  to  a  similar  size  and  shape,  and 
bordering  it  with  a  two  feet  high  water-tight  fence  of  wood. 
In  the  centre  of  this  stone  bottom  a  hole  h  drilled;  in  this 
a  vertical  axle  is  placed,  the  top  end  of  which  is  also  made  to 
work  in  a  suitable  guide  that  is  attached  to  a  transverse  beam, 
in  a  somewhat  Bimilar  manner  to  that  for  the  horse-whim 
showji  at  page  368, 

On  tliis  central  vertical  axle  is  firmly  attached  the  horse- 
arm,  which  extends  sufficiently  over  t!ie  edge  of  the  pan,  on 
the  one  end,  to  give  leverage  and  easy  travel  for  the  horses 
or  mules,  and  reaches  but  to  the  edge  of  the  pan  on  the  other 
side;  another  bar  is  also  secured  in  similar  manner  to  lie  at 
right-augles  wilh  this,  just  across  the  pan.  These  arms  are 
notched,  for  the  attachment  of  chains,  ropcis^  or  cow^- hides, 
which  draw  one,  two,  or  four  flat  and  hard  stones,  of  about 
three  hundred  pounds  each,  around  the  ring,  so  tliat  their 
heads  arc  suspended  and  drawn  the  more  easily  over,  wdiilst 
the  fu!l  weight  of  their  tail-ends  will  rub  heavily  upon^  and 
grind  the  ore  into  pulp. 

The  quartz  is  first  broken  to  the  size  of  a  chestnut  down- 
wards; a  little  water  and  about  two  hundred  pounds  of  this 
ore  is  first  distributed  over  the  bed  whilst  the  machine  is  in 
motion,  and  as  soon  as  this  lias  settled  down  to  a  reduced  size 
of  peas,  tw^i  hundi-ed  pounds  more  may  be  added  and  ground 
to  a  pidpy  consistence  with  a  proper  amount  of  wmter,  which 
generally  requires  from  four  to  five  hours  for  hard  quartz. 

Mercury  must  now  be  scattered  over  the  wdiole  surtaeo, 
from  a  bottle  that  is  mnftled  wdth  a  coarse  linen  rag,  so  thiit 
every  ounce  of  gold  in  the  rock  sliall  have  one  and  a  quarter 
ounce  of  mercury,  and  the  grimling  continued  for  two  hours 
longer,  care  being  taken  that  the  pulp  is  of  the  proper 
moisture  for  the  circulation  of  small  globule:^  < if  the  mercury 
througli  the  mass,  for  the  cttectuid  amalganujtion  of  the  gold. 
Before  the  time  has  expired,  about  two  ounces  of  the  pulp 
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shonid  be  examined  in  a  horn  spoon,  to  see  if  any  free  gold 
still  remains  unamalgamated ;  if  so,  more  mercury  must  be 
added ;  and  if  not,  an  excess  of  water  may  be  supplied,  and 
a  slow  motion  given,  so  that  the  amalgam  may  be  thereby 
allowed  freedom  and  time  for  settling  to  the  bottom.  In 
about  from  twenty  to  thirty  minutes  this  will  be  accom- 
plished, when  all  the  pulp  and  water  is  drained  off  through 
the  appropriate  channel  for  that  purpose,  and  other  charges 
of  ore  are  treated  upon  the  same  amalgam,  until  it  is  consid- 
ered advisable  to  clean  up  for  realization. 

In  rough  and  badly  jointed  bottoms,  this  is  allowed  to 
remain  for  some  three  or  four  weeks,  as  the  mercury  has  to 
be  dug  up  from  the  joints,  and  the  work  must  be  renewed; 
but  in  the  better  jointed,  cemented  arrastras,  it  may  be 
cleaned  oftener,  as  the  bottom  is  more  enduring,  and  remains 
as  good  as  ever  it  was. 

The  amalgam  thus  obtained  may  be  treated  as  described 
at  pnge  537,  or  by  the  Mexican  method,  under  an  iron  bell, 
whi(!h  is  supported  over  water,  and  heated  by  a  covering  of 
burning  wood  or  charcoal. 

The  arrastra  is  a  good  amalgamator,  but  an  indifferent,  or  at 
least  an  expensive  grimier.  Therefore  the  question  naturally  arises 
whether  it  should  not  be  more  frequentlg  used  as  an  amalgamating 
auxiliary,  after  finer  dry  crushing  by  rock-breaker  or  battery? 

AMALOAMATIOX    BY    CHILIAN    MILL. 

This  is  worked  and  arranged  somewhat  similar  to  the 
arrastra;  and  for  economical  grinding  power  it  may  be  con- 
sidered its  superior,  as  much  less  power  is  required  to  roll  a 
large  disk  than  to  slide  heavy  flat  stones. 

The  rolling  disks  are  propelled  by  horse,  water,  or  steam 
power,  on  a  somewhat  similar  flat  bottom  of  stone,  just  like 
the  cement  and  lime  grinders  used  by  masons;  sometimes 
two  such  cheese-shaped  stones  are  worked  on  each  side  of  the 
centre,  the  one  traversing  a  less  radius  than  the  other,  to 
more  effectually  cover  the  pan.  As  the  inner  parts  of  the 
stones  are  as  large  in  diameter,  and  make  as  many  revolu- 
tions, as  the  outside  parts,  and  have  to  travel  different  annu- 
lar distances,  it  follows  that  a  twisting  or  grinding  action 
works  on  the  ore,  as  well  as  that  of  crushing. 
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In  tlie  most  improved  nulls,  iron  pans  ure  iisecl,  which, 
wlieu  costless  water-power  can  be  obtained,  ami  sufficient 
time  can  be  given,  renlizea  more  eeonotnienl  resullA  atvcl  ben- 
eficial returns  of  metal.  The  general  advantages  obtained 
for  poor  mincr:=;,  modes  of  char2:ing;  working,  and  discharg- 
ing, differ  but  little  from  tljose  for  amalgamation  by  arrastra; 
so  that  it  also  becomes  nioit  subservient  fjr  the  earlier  test- 
ings of  veitis^  and  for  interior  uses  iu  far-distant,  imicccsslble 
mountainous  regions. 

ARTIFICIAL   STONE   ARRASTRA8    AND    CUILIAN    MILLS. 

It  appears  to  me  that  the  patented,  und  justly  eolebratear 
London  ami  Paris  Exhibition  medalled,  artificial  stone  of 
Ransome,  as  just  exhibited  at  the  Eighth  Industrial  Fair  of 
this  city,  is  superlatively  well  adapted  for  the  formation 
of  arrastra  and  Chilian  mill  pans;  for  hard  sand  can  be 
obtained  almost  anywhere,  and  witli  some  of  the  patented 
preparation  of  cement  for  uniting  such,  the  desired  shape  can 
be  obtained  with  the  greatest  facility,  so  that  these  mills  may 
be  rendered  much  more  available  than  they  are  now. 

It  could  be  also  used  fur  making  reservoirs  for  at  least  .^ome 
of  tlie  slow  preparatory  (non-destrueti  ve)  ehomieal  treatments 
that  should  more  frequently  precede  amalgamation  by  puns, 

AMALGAMATION    IN   CLOSE    REVOLVINQ    BARRELS. 

This  is  in  many  cases  the  very  be^t  means  for  obtiiining 
gold  and  silver  by  amalgamation,  where  tbe  previously  pul- 
verized raw  or  roasted  ore  is  enclosed  in  a  sufficient  number 
of  revolving  barrels,  with  the  other  necessary  ingredients, 

1.  The  ore  should (  be  crushed  in  perfedh/  dnj  state  in  a  batiery, 
to  pai^s  oat  ihroftgh  itn  screen  of  not  less  than  fortu  to  the  Unml 
inchy  into  reception  boxes^for  barrelling  process, 

2.  It  should  be  roasted,  when  necessary,  or  chlorinized,  as 
previously  described  under  **  Furnace  Chloridation ;"  and 
when  excesses  of  base  metal  soluble  chlorides  are  formed, 
they  should  be  volatilized,  or  bo  changed  by  the  addition  of 
lime,  to  other  insoluble  conditions,  as  previously  advised. 

3.  Eacli  barrel  may  he  now  charged  with  1000  pounds  oi 
ore,  and  sufficient  water — about  three  hundred  pounds — to 
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render  it  thoroughly  mobile,  and  two  hundred  pounds  of  scrap 
iron ;  then  stopped  closely  by  its  screw  bung,  and  run  for 
three  hours,  some  fifteen  turns  per  minute,  so  as  to  dissolve 
the  soluble  salts  formed  during  roasting,  and  reduce  the 
general  debris,  into  a  thin  pulp. 

4.  The  charge  of  mercury  must  now  be  added  (say  two 
hundred  .pounds);  and  then,  after  another  run  of  about 
eighteen  hours,  at  twenty  revolutions  per  minute,  water  is 
added  to  half  fill  the  vessel,  and  a  speed  of  eight  rounds  per 
minute  is  given  for  two  hours,  so  as  to  concentrate  the  amal- 
gam to  a  molten  state,  when  it  is  drawn  off  through  an 
especial  small  hole  in  the  bung. 

5.  The  pulp  is  now  run  off  into  a  large  settler,  similar  to 
those  for  pan  amalgamation,  and  then  discharged  into  long 
riffled  huddle  flumes,  and  thence  over  blankets  into  catch- 
pits,  for  arrestation  of  as  much  mercury  as  possible. 

6.  The  amalgam  may  be  now  strained  and  retorted,  and 
the  precious  metals  realized  by  fluxed  smelting,  as  before 
described  for  other  amalgams,  at  page  537. 

These  barrels  or  casks  are  made  of  wood,  are  strongly 
bound  with  iron,  and  supplied  with  end  axles,  on  one  of  which 
the  driving  toothed-wheel  is  placed. 

As  many  are  used  as  the  quantity  of  the  ore  demands,  and 
if  possible  they  should  be  driven  by  cheap  water-power.  A 
funnel  or  hopper  is  placed  above  each,  which  is  provided 
with  a  wood  pipe  and  canvas  nozzle,  for  feeding  the  barrels 
through  their  bung-holes.  They  are  also  discharged  through 
these  bung-holes,  by  inversion,  into  large  underlying  V  laun- 
ders, which  serve  to  convey  the  pulp  into  settlers,  as 
described. 

One  driving  shaft  is  sufficient,  which  is  extended  the 
whole  length  of  the  row,  having  pinions  for  each  barrel: 
the  barrels  are  supported  by,  and  roll  between,  wood  posts. 
The  water  is  also  supplied  by  suitable  and  convenient  pipes 
or  launders. 

In  the  State  of  Nevada,  where  competent  labor  can  be  now- 
obtained  at  $3.50  per  day,  the  total  cost  may  be  placed  at 
from  $17  to  $23  per  ton,  dependent  on  the  nature  of  the  ore ; 
the  actual  barrel  amalgamation  costs  but  about  $2.80  under 
steam  power;  by  far  the  greater  portion  is  therefore  required 
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for  defraying  the  Ijeavy  exjieuses  for  dry  pulverization,  roast- 
ing, ell lorini zing,  i^tc. 

The  siilphnrct  silver  oroft  of  the  Cornstoek  vein,  when 
amalganiatod  by  barrel  i>rorcss,  will  yield,  iintlor  ordiDtiry 
praetiee,  ^oiae  eighty  eiglrt  per  cent,  of  the  uctual  value  con- 
tained. By  careful  oxanunution  of  the  ore,  consequent  econ- 
omy of  materials,  perfect  eh lori nidation,  excess  of  iron  and 
mercury,  a  iniicb  closer  result  may,  liowcver,  be  obtained; 
even  to  ninety- three  jier  cent. 

The  best  results  realized  by  pan  amalgaTiiation  of  eirailar 
ores  will  never  exceed  eighty,  ami  seldom  that  of  seventy -five 
percent,;  whilst  the  general  average  will  be  about  sixty-six. 

The  custom  nTills  charge  even  now  at  the  minimum  nite 
of  $12  pertnuj  and  it  w^ill  appear  l>y  the  following  extract 
from  nn  annual  statement  issued  by  the  Crown  Point  Gold 
and  Silver  Mining  Company,  that  but  a  small  margin  u 
allowed  for  direct  profit. 

'*The  ore  sUicmcnt  for  Uie  past  year  slif»wa  20,833  tons  worked,  jrieldiftg 
$845,027,  or  un  avtrnge  of  about  $34  per  ton,  as  loIJowa  : 

Ton*.  Atci^^Cp  Amoimt. 

niiode  Iriiiod  MiU 17,6i5  $30.9a  $546,959 

Outside  DiUla  ..,. , .,,     8,148  3G34  20:,«J4l 

Assay  grains  ,...„....«, 1,027 

Totals,. ,,,..,  25,8:t3  $33. T3  $845,027 

**Thc  average  cost  of  workiiij»  the  ore  for  the  past  year  wns  $1 1,06,  and  f"r 
mining  $9.80,  mRking  a  total  cost  of  $2l.4t>  per  ton." 

lu  eases  wliere  the  ores  must  be  roasial  for  tilhtr  process,  the 
Itarrtis  tire  therefore  bttkr,  as  they  obtain  nnieh  more  metal 
than  puna,  and  at  less  cost. 

AMALGAMATION    OF    SILVKE    IN    UEAPS,  BY    THE    PATIO   PROCESS. 

As  this  subjcot  cannot  be  very  well  completed  without 
giving  some  aceonnt  of  this  apparently  dubious,  but  some- 
times  valuable  process,  I  have  (not  having  been  familiar 
with  it)  extracted  from  Dr.  li.  H.  Land>oni*s  ''Metallurgy  of 
Silver  and  Load"  the  following  general  description,  and 
comparative  table  of  costs,  tor  treatments  by  barreh  patio,  aud 
smelting,  which  will  l>e  both  interesting  and  instructive. 

This  process  can  be  used  to  advantage  in  hot  coiaiiries  only;  it 
will  not  exiraci  silver  from  arqeiiii/erous  galena^  nor  is  it  adapid 
for  the  amalgamation  of  gold. 
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**  The  American  system  of  amalgamation  differs  from  the  European  in  requir- 
ing for  its  accomplishment  but  little  machinery,  in  being  more  wasteful  of  quick- 
silver, and  in  necessitating  a  longer  time  for  carrying  out  its  various  processes. 
It  is  also  different  in  the  nature  of  the  chemical  re-actions  upon  which  it  rests, 
as  will  be  observed  in  the  following  description.  It  is  very  largely  in  use  in 
Mexico  and  Peru,  and  is  particularly  suited  for  those  remote  mountain  districts 
where  fuel  and  motive  power  arc  difficult  to  obtain. 

**The  silver  exists  in  these  countries  in  veins  running  through  crystalline 
and  Plutonic  rocks,  and  in  a  native  state,  or  combined  with  chlorine,  bromine, 
iodine,  sulphur,  antimony,  and  arsenic.  In  the  greater  number  of  veins,  the 
portions  nearest  the  surface  have  be?u  much  changed  by  the  influence  of  the 
atmosphere  and  the  surface  water.  These  parts  usually  contain  the  precious 
metal  in  an  uncombined  condition,  or  as  a  chloride  or  iodide  distributed  regu- 
larly in  a  gangue  of  quartz  or  oxide  of  iron.  At  a  lower  level,  the  compounds 
of  sulphur  and  arsenic  are  more  generally  found. 

*'  In  the  preparation  of  the  miuenils  for  metallurgic  treatment,  it  is  sought  to 
separate  the  compounds  of  antimony,  sulphur,  and  arsenic,  from  those  contain- 
ing the  silver  in  a  native  state,  or  combined  with  chlorine,  bromine,  or  iodine. 
The  former  minerals  constitute  what  are  known  as  negros^  and  the  latter  are 
denominated  eoloradoes,  and  the  metallurgic  treatment  to  which  the  two  should 
be  subjected  is  quite  different. 

**  Tlie  average  richness  of  the  ores  treated  in  Mexico  is  about  0.25  per  cent. 

"The  coloradof^  are  usually  well  sorted  by  hand,  at  the  mouth  of  the  mine, 
and  in  a  few  instances  submitted  to  the  usual  concentration  by  washing.  The 
sorted  ore  is  then  stamped  by  machinery  put  in  motion  by  mules  or  water- 
power,  and  then  ground  tine  in  peculiar  native  mills  known  as  arrastras,  which 
consist  of  a  circular  bed  of  hard  stone,  smoothly  dressed  and  surrounded  by  a 
wooden  tub.  In  the  centre  a  pivot  sustains  four  arms,  to  which  are  attached 
the  same  number  of  mailers  or  heavy  fiat  stones,  by  which  the  grinding  is 
effected  These  stones  are  made  to  move  around  upon  the  hard  circular  bed, 
by  the  power  of  mules  attached  to  the  extension  of  two  of  the  arms.  The  ore 
from  the  stamping  mills  is  mixed  with  water,  and  treated  in  this  apparatus  until 
a  very  fine  powder  is  produced. 

"The  ground  ore  is  now  deposited  in  basins  of  mason-work,  and  allowed  to 
remain  until  a  greater  part  of  the  water  is  evaporated.  It  is  then  transported 
to  the  court  of  the  haciemla^  as  the  amalgamating  establishment  is  genenilly 
called,  and  there  thrown  into  a  heap  usually  ten  inches  high,  and  depending  in 
size  upon  the  amount  of  ore  to  be  treated.  When,  for  instance,  50  tons  are  to 
be  worked,  its  diameter  will  be  about  50  feet. 

"  Upon  the  top  of  this  bed  of  ore  is  thrown  an  even  layer  of  common  salt, 
amounting  in  quantity  to  about  two  per  cent,  of  the  ore.  The  salt  is  allowed 
to  dissolve  gradually,  and  in  order  to  produce  a  homogeneous  mixture,  the  heap 
is  turned  with  the  shovel,  and  horses  and  mules  are  driven  around  upon  it  for 
several  hours.  After  this  treatment,  it  remains  untouched  for  about  a  day,  and 
then  the  attendants  proceed  to  add  the  mngialral. 

*'ThiH  important  agent  in  the  American  amalgamation  is  made  by  roasting  at 
a  low  temperature  the  sulphide  of  iron  and  copper.  When  of  a  good  (juality, 
it  should  contain  about  twenty  per  cent,  of  the  sulphates  of  these  two  rai-tals. 

"  From  one  to  two  per  cent,  of  the  magistral  is  mixed  with  the  ore,  in  the 
same  manner  as  the  salt,  and  the  heap  well  stirred  by  driving  mules  upon  it ; 
or  where  the  absence  of  food  for  animals  makes  their  support  too  expensive,  the 
workmen  themselves  walk  round  and  round  upon  the  soft  mass. 

**  When  the  mixture  is  complete,  the  first  addition  of  mercury  is  made.  The 
metal  is  added,  to  the  amount  of  about  four  times  the  weight  of  silver  shown 
by  assays,  or  estimated  by  the  directors  to  be  present  in  the  mass.  It  is  thrown 
evenly  over  the  surface  by  squeezing  it  from  a  leather  or  canvas  bag.  After 
this  addition,  a  repaso,  or  tramping  by  mules,  horses,  or  men,  is  accomplished, 
and  then  the  heap  is  left  undisturbed  for  some  time,  until  the  assays  that  are 
taken  every  day  show  that  the  operations  should  be  hastened  by  the  addition 
Df  fresh  magistral^  or  made  slower  by  throwing  in  lime,  ashes,  or  other  alkaline 
substances,  and  iu  either  case  following  the  addition  by  a  thorough  mixing  by 
repatos.     When  the  assays  show  that  the  mercury  has  been  entirely  taken  up,  a 

35 


540 


TUB   EXPLORERS*,    MINERS     AND 


pecnnd  iid<lttmn  of  nbout  three-eighths  of  the  qunntity  originrtUy  employed  y 
niMdxv,  and  the  tramping  and  daily  asMiiyiBg  coniinueil,  A  third,  ftod  even  ft 
founh,  addiiion  of  intTtury  is  often  found  iicies^tiry;  and  whfn  n\  length  the 
assays  show  that  all  the  silver  in  the  heup  hiis  gone  over  into  the  atnAlgnw,  tbtt 
trentment  is  discoulitiued,  and  tht*  iimss  given  uvtT  to  the  washing. 


**&EPABATlNO   TUB    AM4tOAlf    FROM    EARTHLY    LUFUBlTltB. 

**The  entire  heapt  or  torta^  is  now  tr*i  us  ported  from  the  toart  where  it  bti 
been  treated,  to  neighboring  viits^  into  \rhith  it  is  thrown,  together  with  ii 
much  tVeah  nieretiry  ns  hiis  already  been  given,  and  a  large  qujinlity  of  viter 
Here  it  is  stirred  contiuiiiinj'  by  menos  of  a  vertical  piuldle-whcel  ojovcd  1/| 
four  mules,  and  the  aumlgnm,  falling  by  its  specific  gra\»ty  to  I  he  buUoiiir  i»  ' 
dissolved  nnd  reUiincd  by  ihe  fresh  mercury,  while  moFt  of  the  worthier  mule- 
rittl^  remaining  mechanically  susipended  in  the  water,  is  carried  ofl.  Al  ibe 
bottom  of  the  vat  will  now  be  found  collected  the  silver  dissolved  in  the  mer- 
cury, and  a  eertftin  amount  of  heavy  metnllirerous  matter,  in  which  is  contaioril 
some  silver.  The  urgentiferons  mercury  ia  sepanited  from  this  mineral  dhi», 
and  the  latter,  Rfter  crincentrnlion  by  wii&biug,  ie  given  back  to  the  annUgamii- 

tiOQ. 

"tbbatmbnt  or  toe  amaloam, 

*'  The  liquid  amalgam,  after  being  removed  from  the  vats»  is  pat  into  stroog  | 
CRnvae  hugs,   through  which  the  niercnry  percolates,  lenviug  behind  a  pwty* 
argentiferous  compound^  consisting  of  uboul  one*siatlh  of  silver  iiiid  five-siithf 
of  mereury.     This  is  naoulded  and   compressed  by  proper  apparatus  into  trifto- 
gular  forms,  and  is  now  ready  to  be  given  over  to  distillation. 

♦"  I  he  triangular  bricks  of  amalgHm  are  piled  in  a  column  upon  an  iron  gttU 
above  a  reservoir  of  water,  which  is  intended  (or  ihe  condensation  of  lUe  luniM  < 
of  the  metah     The  pile  of  amalgnm  is  then  covered  with  an  iron  bell,  lUe  edg«  « 
of  which  are  luted  down, and  the  metal  lobe  treated  thus  heimeticallycocloicd. 
Arouatl   the  iron  bell  a  wall  of  loose  stones  is  couplructed,  and  in  the  circulif  J 
-enclosure  formed  by  this  means  a  strong  charcoal  fire  is  made,  and  continiicd  / 
during  eight,   ten^  and  even   twenty-four  hours,  according  to  the  aiuouut  of  j 
amalgam  tretiled  and  the  size  of  the  ajiparatus  employed.     The  apparatus  if  ] 
then  Mlloucd  to  cool,  and  the  mercuiy  is  found  separated  and  condensed  in  tlie 
interior  reservoir,  while  the  silver^  in  a  spongy  form,  and  almost  a  pure  i'oodi- j 
tion,  IP  removed  and  fused  Upon  a  hearth  of  bone-ash»  moulded  into  ingots,! 
then  ^;ent  to  mtirket. 

**Tbe  duration  of  this  process  of  pmalgatuatton  depends  upoii  a  number  of  « 
circum.*ttinces  ;  as,  the  nature  of  the  mineral.^  eniployed,  the  frequency  ef  th« 
rfpmij^,  and  the  purity  of  the  re-agenls.     The  temperature  of  the  atmosphere  in 
which  it  is  carried  on  has  also  a  great  influence  ;    the  operation    is  conducted 
diflereotly  in  the  winter  and  in  the  summer,  in  thu  establishtaentis  situated  iaJ 
elevated  regions  and  those  near  the  level  of  the  sen. 

**\Vhen  the  circuoiistances  are  moM  favorable,  the  time  necessary  is  nhontM 
twenty-five  days;  but  often  it  require?  from  forty-five  to  siity  days,  ijiocti 
accurate  assays  are  seldom  made,  it  is  ditficult  to  arrive  at  the  loss  of  silver  ioJ 
this  operation  ;  but  it  is  generally  conceded  that  only  from  Ihree-fuurtlis  Ifl^ 
four- fifths  of  the  entire  amount  in  the  ore  is  obtained.  The  losi<  of  mercury  iti 
also  variable,  and  depends  greatly  upon  the  cnre  and  knowledge  of  ihe  director!  1 
of  liie  work.  In  the  most  favorable  cases  it  atnountit  to  one  fourth  of  the  I 
weight  of  siker  obtained,  while  nntlcr  aomc  circumstances  it  reaches  one  aojl  J 
four-fifths. 

^^The  ch\5s  of  minerals  w^hich  have  been  described  as  ne^ot  arc  either  amol-j 
gamated  directly,  or  subjected  to  a  previous  roasting.     In  tb«  latter  ta»e|  tb^ 
amalgiimation  lirti*  been  conducted  nearly  as  has  been  described. 

'*  The  direct  treatment  of  this  sort  of  ore  ts^  however,  attended  with  ratichl 
more  los-;  of  silver  than  takes  place  in  the  case  ab<jve  described,  the  loss  beiof  ] 
from  thiity-fivc  to  forty  per  cent,  of  The  silver  i»resenl ;  or,  in  other  words,  it  i 
reaches  from  four  to  five  times  the  Iosj*  incurred  in  Ihe  amalgamation  in  caskf. 

'Un  this  [drtii  of  amalgamation  practised  in  America,  the  silver  ot  Ihe  orw  it  J 
converted  into  the  chloride,  as  wo  have  seen  was  the  case  in  the  European  j 
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►d ;  bat  it  is  here  done  by  the  wet  way,  instead  of  by  the  aid  of  artificial 

he  chloride  of  sodium,  which  is  dissMninnted  through  the  heap  in  a  finely 
•d  state,  acts  upon  the  sulphates  of  iron  and  copper  of  the  nuigistralj  and 
squi-chloride  of  iron  and  the  chloride  of  copper  are  produced.  These,  in 
turn,  act  upon  the  silver,  which  is  present  in  a  native  condition  as  sul- 
or  as  sulphide,  and  the  chlo;id«'  of  silver  is  formed.  The  quicksilver 
ecomposes  this  compound  of  silver,  producing  a  sub-chloride  of  mercury, 
omel,  while  on  the  other  side  metallic  silver  is  set  free,  and  is  dissolved 
;  mercury,  producing  amalgam.  The  loss  of  quicksilver  is  here  necessa- 
-eater  than  in  the  case  of  the  Kuropeau  amalgamation,  where  it  will  be 
ibered  the  chlorine  is  made  to  combine  with  iron  instead  of  the  much 
•  quicksilver. 

le  following  interesting  extract  from  the  books  of  the  Real  del  Monte 
iny,  one  of  the  most  important  in  Mexico,  exhibits  the  relative  expense  of 
systems  of  working  the  ores  of  silver,  by  barrel  amalgamation,  by  amal- 
ion  in  heaps,  and  by  smelting.  The  average  yield  of  the  ore  in  1849  was 
lars  (dollar  ==  3«.  \0d.)  per  3000  lbs. 

TABLE   SHOWING   PRODUCE   OF    SILVER    AND   COST   OF    EXTRACTION   AT   THI 
ESTABLISUMENT    OF    THE    RKAL    DEL    MONTE    COMPANY. 


oarces  of  expense  for  3000  pouDds  of  ore. 


l.^r^Jm^h  ^ma*?*'??' I  By  smelting 


ting;  for  labor 

of  stamp  heads 
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?e 
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1  power;  mostly  for  forage 

58,  expenses  of  management 

•ost  of  reducing  3000  lbs.  of  ore 

)roduce  of  silver  per  3000  lbs.  of  ore  . 
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$00.59 
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.70 

1.20 

1.7G 


I 

$00.2G  I  $00.30 
.28  .  .28 
.83     I        


1.04 

I         3.98 

17.80 

.30 

.10 

.05 

.04 

.60 

.48 

3.90 

.30 

.40 

3.40 

3.31 



1.00 

.30 

.20 

34.90 

6.37 

3.64 
2.13 

2l!50 

.37 

.10 

2.39 

4.32 

4.23 

1.14 

1.09 

6.80 

23.95 

17.76 

89.92 

94.80 

65.92 

514.40 

53.895 

37.982 

2.386 

4.97 

12.74 

It,  it  will  be  observed,  is  a  large  source  of  expense,  since  it  has  to  sustain 
carriage  of  300  miles  ;  so  that  its  cost  at  the  mine  is  £16  10«.  6d.  per 
)uring  the  five  years  ending  December  31,  1857,  the  mines  of  this  Com- 
roduced  silver  to  the  value  of  £2,364,760." 
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PAUL'S   DRY    PEOCKSS — HOT   AMALGAMATION    IS   BARRELS. 

Mr.  A.  B.  Paul,  of  San  Francisco,  taking  advimtage  of  tlio 
well  known  pecnliar  affinity  of  hot  mercury  for  gokl  md 
silver,  has,  after  many  experinientB,  hrotiijht  into  practical 
ojjeriitiou  the  above  interesting  procesis,  which  lie  intends  for 
the  bonetxciation  of  very  refractory  orcB,  in  remote  dry  sita- 
ations;  it  has  been  deiscribcrl  in  liis  painplilet  as  follows, 

**  Thi*  ore  \s  first  <iried,  then  r<»diK'e<i  dry  by  such  ninchiniTy  aa  best  m\U  the 
views  of  pnrlics  ami  acrortipUiihes  Mif  objert.  The  rrusUed  ore  ia  Ihiqi  cun- 
veyed  10  an  iron  pulverizing^  prt'jmrinjj^  nm\  .st'lf-dij^r barging  harrel^  whert  it  Is 
pulvfri?.ed  to  a  ^Ivcu  fiiiefieiSt  aDd  prci^nrc'd  for  ftmftlgiiinntion,  under  h^ar^  Ivy  the 
use  oF  fire.  By  hvaiy  friction,  and  rhcniicjils,  il  is  pnt  in  wbul  I  trrm  an  tnfim* 
tesinui],  electritnl,  live  and  pyre  condition.  Thus,  th(?re  i^  a  couitui^tion  of  all 
IfiiBes,  destrnction  of  rcbeliioii!'  films,  nnd  expulsion  of  ntuiosphoric  dompncst, 
cuuBing  r^imlston,  instead  of  wbiidi  ia  uruated  the  ijreRtest  iictivttyf  altructloB, 
ttod  tobeiiion  betwuvn  tlie  precious  metulij  wi/i/,  and  tlii'  mercnry. 

^*  The  ore  thus  preptired  b<?ing  su  fine  and  light^  and  the  motnl  lo  be  opfrmted 
upon  infinitesimal^  the  nuestion  now  Lomes  how  to  produt-e  trlfeLlnal  contact  fc»r 
iini«iguniat*on»  To  meet  this  point,  the  ore  is  conveyed  in  its  dry,  bented,  pre- 
pared, and  electrical  condition,  to  an  iron^  wood,  or  earthen  cylinder,  to  which 
ia  added  from  ten  lo  twenty-five  per  cent,  in  weight  of  nierenry.  The  heated 
ennd'uion  nf  the  ore  nu^ci^  the  temp'?riilnre  of  the  mercury,  which  led^ens  its 
density,  inci-cases  its  volume,  and  the  result  is.  the  ore  and  uiercur)'  pky 
together  like  water,  and  crenie  I  he  most  iborongh  and  complete  intermiogliii^. 
So  perfect  is  the  blending,  thai  on  examination  with  the  naked  eye^  hardly  a 
particle  of  mercury  \&  discloHcd»  nonvithstamling  the  percent ngt?  to  ore  i*  fo 
large.  The  mercury.  In  thifi  finely  divided  »\i\ie,  having  been  in  continuoui 
raolion,  rolling  over  and  over  on  the  snrface,  and  through  the  entire  mass 
during  the  time  given  lor  amal^aiijation.  it  is  reasonable  to  i*uppose  haji  eflectil- 
ally  done  }l^  work,  aod  that  the  precious  metals,  no  matter  how  fine,  caouot 
escape  a  contact  in  this  searching. 

*»  The  harmony  created  between  f>recion9  metaU  and  mercury  i*  finely  illns- 
trntcd  by  the  fuct  that  the  baser  melab  are  placed  in  Rntagoniism,  and  conse- 
qnently  leave  the  mercury  free  from  the  fouling  or  sickening  properties  of  tbe 
ore,  no  matter  what  it  contains.  It  will  be  observed,  too,  that  every  infinitCAi- 
mal  particle  has  bad  its  weight  increai*ed  by  contact  witl»  mercury,  besides 
being  placed  in  a  ^tate  to  receive,  more  actively,  the  precipilaling  clement, 

**The  operation,  it  will  be  ndniittcd,  is  so  far  pericetly  done ;  and  the  next 
question  is,  the  aeparaiin^  of  Oiia  mingled  mass.  To  accomplish  thig,  the  orf 
from  the  a malga mating  ban  el  is  discharged  into  a  birge  wo<»den  settler,  <jf 
esprcial  constrncnon,  and  where  water  for  the  fir.=;t  time  is  inirodnced»  Th* 
greater  porlion  of  mcrcuiVt  currying  the  precious  metnls,  is  soon  prucipit&ted 
and  coUecird  for  drawiog  off  into  a  receiver.  The  lighter  portions  of  mertury 
and  metal  in  due  time  are  drawn  ot!  into  an  elcctrie  settler,  where  they  are  pre- 
cipitated by  electriL  ily  npun  tlie  principle  of  electro-platings  excepting  there  \s 
no  adberciice  of  metal  or  mercury,  botii  of  which  are  drawn  off  together.  The 
rejiidue  is  then  allowed  to  How  o(T*  rt,s  wastage,  or  if  de.-^ired,  for  concentration 
of  base  metais.  A  one  tboui-aiui  pound  charge  i?  wt»rked  every  two  hours,  and 
yet  i}\i:T\  one  tbuusand  j«ound  rhar^e  ba-^  over  s^ts  hnurs  of  varied  treatment, 

'*  U  will  be  obiierved  tiint  though  rour-iderable  mercury  is  n^ed,  it  does  not 
involve  hJiving  ^o  large  an  aiaoniu  ou  band  ti^  at  first  thought  would  fleem,  lu 
consequence  of  its  being  in  continuous  use. 

''There  are  other  essentia}  poinis  tjf  equally  practical  clmmclcf^  bwl  which 
are  only  given  to  those  who  engage  in  working  the  prores^s,  I  present  these 
views  as  to  process,  and  its  wnrktng,  in  tis  plain  and  comprehensive  a  ^hape  as 
possible,  that  all  may  have  some  conception  of  it,  and  apjieal  to  the  eooiinua 
sense  of  jiractical  miner?'  for  jndgment  in  its  favor.     The  procesB  is  a  compUtt 
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revolution  in  our  system  of  working,  and  is  the  result  of  a  lack  of  respect  for 
those  in  Togue,  which  with  us  have  bien  so  expensive,  or  defective  and  waste- 
ful, that  any  new  system  having  claims  for  practicability  stands  a  show  for 
superiority. 

"  The  system  has  not  originated  from  labonitory  experiments,  but  deduced 
from  the  practical  and  successful  working  out,  in  the  nwunlains^  of  complicated 
diflBculties  " 


THB  SEPARATION  AND  EXTRACTION  OF  GOLD  AND  SILVER  FROM 
THE  BASE  MINERALS  AXD  MATRICES,  BY  VERY  HOT  WATER 
OR  HYDRATED  SOLUTIONS  OF  THE  CHEAPER  SALTS,  AS  PRO- 
DUCED BY  FIRE,  AND  SUSTAINED  FOR  A  SUFFICIENT  TIME  IN 
LARGE  AND  SUITABLY  STRONG  FIXED  OR  REVOLVING  CLOSE 
VESSELS,  UNDER  THE  HEAVY  PRESSURE  WHICH  IS  DERIVED 
FROM   THE   FORMATION    OF   STEAM. 

Chapter  11,  Section  I,  of  this  book  treated  of  the  various 
transformations  during  higli  temperature,  under  the  pressure 
existing  at  the  initial  period  of  secondary  formations,  from 
primitive  rock  elements  and  general  debrib;  the  reader  may 
now  refer  back  to  page  2(5,  and  carefully  peruse  that  chapter, 
so  as  to  understand  the  general  nature  of  water,  more  partic- 
ularly as  regards  the  increased  heat  which  may  be  produced 
by  pressure,  and  its  consequent  eftects  on  minerals  and 
matrices.  This  was  then  the  effect  of  the  natural  state  of 
attairs;  and  if  by  heat  and  pressure  we  create  a  similar  action 
in  a  close  vessel,  which  contains  a  strong  sohition  of  say  chlo- 
ride of  sodium,  you  may  well  suppose  that  as  silver  is  solu- 
ble therein,  under  ordinary  circumstances,  by  a  slight  increase 
of  heat,  that  a  much  greater  temperature  will  cause  the 
effect  of  speedy  and  cheap  solution,  which  will  lead  to  the 
precipitation  of  the  silver  from  such  solution  by  any  one 
of  the  ordinary  internal,  and  simultaneous,  or  external  and 
subsequent  means. 

A  large  vessel  may  be  readily  made,  so  as  to  treat  many 
tons  at  once,  in  these  days  of  giant  powers  for  execution  of 
iron  work  by  steam  hammers,  which  will  stand  all  the 
pressure  that  is  necessary  for  actually  decomposing  the  ore 
in  such  hot  solutions;  and  I  think  that  such  an  experiment 
would  lead  to  very  important  means  for  beneficiation  of  pecu- 
liar ores,  whilst  the  ordinary  forms  will  be  much  more  readily 
reduced. 

This  digestor  being  cylindrical,  might  be  slowly  revolved, 
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to  circulate  the  pulp,  and  offer  a  changing,  moist  surface  to 
the  action  of  the  fire ;  whilst  a  safety  valve  should  be  attached 
to  a  suitable  pipe,  which  communicates  with  the  barrel  by 
way  of  the  end  trnnnion. 

Or  it  might  be  fixed  on  solid  trunnions,  to  oscillate  slowly 
from  side  to  side,  with  the  valve  on  top. 

After  a  sulBcient  amount  of  experience,  the  valve  may  be 
entirely  discarded,  as  a  certain  known  amount  of  fire  will  act 
sufficiently  near,  the  one  time  with  another,  to  produce  the 
desired  pressure  and  effect. 

The  charged  vessel  ma}  be  deserted  and  allowed  to  work  its 
own  digestion,  so  that  no  fatal  effects  need  be  caused  by 
explosion,  even  if  it  should  ever  occur  during  the  prelimi- 
nary trials  as  to  what  degree  of  heat  and  pressure  will  be 
necessary. 

This  is,  of  course,  a  suggested  process;  but  its  plausibility 
warrants  a  trial,  more  particularly  with  the  strong  chloride 
solutions,  which  are  not  only  slow  solvents  under  ordinary 
circumstances,  but  have,  in  this  connection,  the  very  desira- 
ble property  of  greatly  increasing  the  temperatures  of  the 
liquor  under  the  various  pressures,  so  that  very  high  pressure 
will  be  unnecessary. 
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CHAPTER    III. 


CHLORINIZING. 

roasting,  for  the  volatilization  of  sulphur,  or  arsenic, 
and  the  oxidation  of  the  enclosing  base  metal,  for 
the  subsequent  chlorinization  of  the  freed  gold  from 
the  moistened  debris  of  ore,  and  precipitation  op 
metallic  gold  from  the  diluted  solution. — furnace 
chlorinization  and  reduction  of  silver,  and  of  gold 
and  silver,  when  associated  with  base  minerals. 

Plattner*s  Original  Method  for  the  Beneficiation  of 
Refractory  Auriferous  Ores,  by  Roasting,  Humid  Chlo- 
RiDATiON,  AND  PRECIPITATION. — Siiice  tlio  first  introduction 
of  this  method  by  Phittuer,  but  little  improvemeut  has  been 
made  in  its  manipulation,  whilst  the  process  remains  sub- 
stantially the  same. 

It  may  be  easily  accomplished  by  the  following  method. 

1.  Roast  the  finely  pulverized,  naked  ore,  in  the  manner 
described  at  page  504,  in  any  appropriate  furnace,  as  the 
Cornish  rota  ting-table  calciner  (page  501),  or  the  common 
roverberatory  furnace  (page  498),  or  the  hill-side  roaster  (page 
504),  at  a  red  heat,  for  from  six  to  twenty-four  hours,  depend- 
ent on  stirring,  the  addition  of  charcoal,  constitution,  etc., 
until  no  blue  flame  is  produced  from  the  combustion  of  sul- 
phur, nor  sparks  appear  when  the  pulverulent  ore  is  tossed 
from  the  hearth.* 


*  When  the  raw  ores  contain  the  calcareous  spars,  heavy  spars,  or  talc,  five 
per  cent,  of  salt  may  be  used  to  advantage  in  roasting,  which  also  cleans  the 
surface  of  gold,  and  serves  to  volatilize  the  small  quantity  of  copper  that  is 
frequently  present.  Lead  and  antimony,  however,  prohibit  the  use  of  salt, 
when  roasting  for  the  humid  chloridation  of  gold. 
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If  yoD  want  the  chlciridation  ofiectiial,  the  roasting  must 
be  completed  until  no  snoli  signs  of  Bu![>lmr  remain. 

2.  The  eompletely  roasted  ore  iniiy  now  be  withdraT\T3  from 
the  ftirnace,  spread  on  a  hard  flat  surface,  eooled  down  with 
water,  then  vri'M  stirred  or  shovelled  into  a  paste,  of  such 
state  of  moisture  that  water  ean  neither  be  fc<een  on  its  surface, 
nor  squeezed  out  on  the  hand;  so  tliat  a  little  time  should  be 
given  for  eqnal  ahsorption. 

It  i$  important  tliat  this  aurit'erons  desulphurized  and 
oxidized  debris  should  not  be  made  tuo  wet  with  water;  for, 
if  so,  more  clilorine  will  be  required  lor  obtaining  the  same 
strength  of  chlorine  water;  and  tlte  chlorine  gas  catmot  he  so 
effeetuallv  passed  up  tlirongb  every  portion  of  the  mass,  when 
it  irt  jdaced  in  the  tub  or  elsteni,  for  ehloridation,  wbt^n  the 
pulp  is  snflieiently  wet  for  settlement  to  closer  contact.  It 
is,  moreover,  unnecessary ;  for  the  amount  of  gohl  tliat  has  to 
be  dissolved  is  so  comparatively  small  that  this  quantity  of 
chlorine  water  will  be  found  all-sufficicnt  for  its  S(dution, 

3.  Tlie  most  convenient  ajid  etiective  vessel  for  dissolving 
the  gold  is  a  round  tub,  of  about  seven  feet  in  diameter  and 
thirty  inelies  deep,  whicli  is  supplied  with  a  suitable  bottom 
for  the  transmission  of  the  gas  throughout,  that  it  may  pass 
in  uu  equal  manner  through  the  ore;  this  maybe  done  by 
a  perfonited  disk  of  wood  or  wicker*work  over  u  hollow  bot- 
tom, or  Ijy  placing  upon  clean  coarse  sttmes  some  permeable 
material,  as  canvas  or  coarse  woolen. 

4.  Some  of  the  ore  may  now  be  charged  in  a  loose  manner, 
by  sifting,  to  about  one-fourth  the  capacity  of  the  vessel,  bo 
as  to  he  ready  for  the  actiou  of  the  chlorinized  water,  that 
dissolves  the  free  gold  released  by  effectual  roasting  from 
the  base  mincrars  embrace.  As  soon  as  the  heav}-  gas  is 
observed  above  this  charge,  more  of  the  roasted  ore  may  be 
added,  until  tlie  tub  is  about  three-fourths  fulL* 

5.  This  water  is  chlorinized  by  chlorine  gas,  as  generated 
in  an  adjoining  close  kaden  vessel^  so  arranged  on  a  sand- 
bath  over  a  lire,  tluxt  the  necessary  auxiliary  heat  may  be 

*  Such  II  tuh  tiiay  be  made  to  treat  Ihe  resuliatit  roustvd  residue  of  tltrct*  top^ 
of  ore  (ftboBt  two  tons),  which  require  of  tlie  oxide  of  uijiti|ic»nf8<'  ihiity 
pound?,  of  eoinumn  suit  forly-lwo  poutidn,  fifty  pounds  of  wnter,  nnd  snSicirDi 
aulphuric  acid  for  decoro|iositiou. 


MSTALLURGISTS'   COMPANION.  653 

safely  applied  during  its  production,  by  the  action  of  sul- 
phuric acid  on  a  mixture  of  four  parts  of  common  salt,  three 
of  peroxide  of  manganese,  and  five  of  water. 

The  tub  which  contains  the  ore  should  be  lastly  covered 
and  luted  with  moist  dough,  in  a  gas-tight  manner,  and  be 
supplied  with  metal  or  rubber  tubes,  to  convey  the  surplus 
and  jioisonous  gas  out  from  the  room. 

Two  pipes  should  also  be  inserted  in  the  false  bottom,  the 
one  for  the  supply  of  gas  from  the  generator,  and  the  other 
for  the  withdrawal  of  the  diluted  solution  of  chloride  of  gold, 
at  the  termination  of  the  dissolving  stage. 

The  gas  generator  should  be  provided  with  a  funnel  and 
bent  tube,  to  serve  for  supplying  the  acid  at  any  time,  in  requi- 
site quantity,  and  to  prevent  (on  the  stink-trap  principle)  the 
rising  of  the  gas  through  this  necessary  tube. 

A  glass  or  porcelain  vessel,  or  another  wood  tub  for  the 
large  scale,  will  be  also  required  for  receiving  the  chloride 
of  gold  solution,  when  drawn  off  for  precipitation. 

The  ore  being  thus  roasted,  moistened,  loosely  sifted,  and 
closely  covered  in  the  wooden  tub,  the  rubber  or  lead  tube 
may  be  united  to  communicate  therewith  from  the  supplying 
pipe  of  the  gas  generator;  then  sulphuric  acid  should  be 
slow^ly  added,  and  gentle  heat,  until  chlorine  gas  is  seen  to 
escape  from  the  last  tube  without  the  house,  when  but  just  a 
sustaining  quantity  should  be  supplied.* 

The  gas  being  much  heavier  than  air,  lies  upon  the  moist- 
ened ore,  after  saturating  the  water,  and  still  continues  to 
support  the  strength  of  the  liquor  during  its  action  on  the 
gold.  The  surplus  gas  may  be  —  in  fact,  should  be — drawn 
off,  by  a  pump,  into  a  suitable  reservoir,  for  beneficiation  of 
the  next  batch  of  ore. 

Some  fourteen  or  fifteen  hours  are  generally  required  for 
complete  solution  of  such  fine  gold  as  should  have  j)assed 
through  the  wire  gauze  of  1(300  j^tr  inch,  when  sufficient  hot 
water  must  be  added  for  running  oft'  the  solution  into  the 

♦Chlorine  gas  (in  this  instance)  may  be  most  easily  detected  by  dipping  a 
wooden  or  glass  rod  in  aninionin,  and  applying  it  to  the  discharge  pipe,  when 
the  smallest  trace  will  expose  clouds  of  while  vapor,  similar  to  that  from 
hydro-chloric  acid. 

The  rod  may  be  dipped  in  nitrate  of  silver,  when  a  white  curdy  chloride 
wiU  be  formed  thereon,  in  similar  position. 
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precipitating  vessel;  then  a  little  more  hot  water,  for  retnot- 
ing  the  last  traces  of  gold  chloride,  that  would  otherwise 
adhere  to  the  debris,  and  be  lost.  This  ore  may  be  removed 
tor  repetition  of  the  process. 

6.  Sulpliute  of  iron,  iii  liqnid  state,  is  now  added  to  thia 
liquor  (which  shouhl  be  aeidnhited  by  a  few  drops  of  hjilro- 
chloric  acid)>  until  no  more  gold  can  be  precipitated.  It  need 
not  be  runoff  until  just  before  the  next  precipitation,  lior 
the  pi^ecipitated  gold  cleaned  up  for  being  run  into  ingot*, 
but  as  eonveuient  quantity  dictates. 

Tlie  preeipitiited  gold,  after  being  well  washed,  may  he 
dried,  and  smelted  to  marketable  condition,  as  described  at 
pages  !285,  286,  287 ;  and  as  little  or  no  base  metals  are  pres- 
ent, borax  will  be  an  efticient  flux. 

It  has  been  fully  proven  that  from  ninety  to  ninety*foarper 
cent,  of  the  fire  assay  can  be  realized  by  this  means,  when 
properly  conducted;  whilst  the  gold  is  then  of  from  ^JJto 
^,  and  tiner  than  by  an^^  other  practical  method. 

Mr,  Guido  Kiistel,  in  his  especial  and  comprehensive 
work  on  '* Concentration  and  Chiorinatiou/'  gives  the  fullow- 
ing  items  of  costs  for  chloridaliou  of  auriferous  sulphurcts, 
by  this  process,  in  California,  as  estimated  from  the  daily  run, 
from  a  long  double  furnace,  of  three  tons  of  sulphurets,  iii 
the  year  1868, 

*' Superintendence , $  0.00 

Four  roasters,  at  $3,50  , , 14.00 

Tliree  cords  of  wood,  at  $4 12.00 

Thirty  pounds  manganese,  at  6J  cents 1.87| 

Forty  pounds  suit,  at  J  cent .30 

Beventy-five  pounds  sulphuric  acid,  at  2 J  cents 13T 

One  man  at  the  mats,  two  days,  at  $3,50 7.00 

Sulphate  of  iron.. ...,,...  M 

Total  cost  of  three  tons...,. , .$43.65 

Or  $14.55  per  ton  of  sulphurets." 

FURNACE    CHLORIDATION    AND    J3ENEFICIATI0N    OF  SILVER,  WfllH 

MIXED    WITU    GOLD. 

This  operation  has  been  fully  described  under  the  appi"^ 
priate  heading  of  ^' Bousimg  and  cklorinizhig  of  UiC  mixed  gt^ 
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€ff  silver  and  base  metals^  for  more  tfftctirt  amal^mation^''  and 
may  therefore  be  referred  to  at  page  509,  and  considered  here 
"but  6o  fer  as  concerns  the  mixture  of  silver  with  gold,  to  pre- 
vent the  entire  loss  of  the  former  metal,  during  the  humid 
ohloridation  of  the  latter. 

It  has  been  stated  that  the  addition  of  salt  is  frequently 
advantageous  for  facilitating  the  roasting  of  auriferous  sul- 
phurets,  which  may  therefore  be  now  extended  to  our  pur- 
pose for  the  beneficial  extraction  of  both  silver  and  gold, 
when  the  former  is  also  present  in  notably  profitable  quanti- 
ties, by  using  suflicient  salt  for  bringing  the  silver  into  the 
non-volatile  and  insoluble  chloride  form,  for  subsequent  ben- 
eficiation,  which  may  be  accomplished  by  one  of  the  follow- 
ing methods. 

1.  Chlorinize  and  precipitate  the  gold  by  Plattner's  process ; 
then  treat  the  residue  by  amalgamation  in  barrels,  arrastras, 
Chilian  mills,  or  pans,  for  its  chloridized  silver  and  any  free 
gold  which  may  still  remain. 

2.  Treat  for  both  gold  and  silver,  by  amalgamation  in 
close  barrels  or  improved  arrastras,  when  the  difference  of 
cost  will  be  about  equal  to  the  deficiency  of  returns. 

3.  Chlorinize  for  gold,  in  revolving  wood  barrels,  instead  of 
in  tubs;  draw  off  the  chloride  of  gold  liquor, /or  precipitation; 
then  finish  tor  extraction  of  silver  by  atnalgamation. 

I  suggest  this  for  trial,  as  it  appears  a  better  and  quicker  method 

Jor  even  the  chloridution  of  gold,  and  which  also  amalgamates  the 

silver.     The  barrel  is  the  most  efficient  amalgamator,  ami  there  is 

no  reason  why  it  will  not  also  chlorinize  better  and  much  faster 

than  tubs. 

Tico  revolving  barrels  mag  be  used,  the  one  large  for  the  moist- 
ened roasted  ore,  and  the  other  of  suitable  size  for  holding  the 
materials  for  formation  of  the  gas;  they  may  be  made  to  coynmu- 
nicate  through  a  hollow  axle,  and  be  supplied  with  ore  and  dis- 
charged through  individual  bung-holes;  or  be  so  arranged  that  one 
gas  generator  shall  supply  the  whole  of  the  barrels,  by  Uubcs 
through  each  axle,  or  bung-hole. 

4*  Chlorinize  for  silver  in  furnace,  and  for  gold  by  Plattner's 
process;  and  then  extract  the  silver  and  copper  by  one  of  the 
chemical  processes  described  in  Chapter  V  of  this  Section. 


u$ 


.^tinc  KXPLourjt»\  minehs*  k»i> 


OUAPTKR    IV, 


BHSLTIlfO. 


1\li  ^^^  ftitl  li%ftifmatioii  o»i  this  ttibjecl 
Yii;^  \  vHikt  )Mid  ovim  for  s^^iMiorol  ii 

il  tdkU^  wor^;  Iff  will 
tii<N^  %^  tilt  wSmm  ft 

^v  xK^^  ^,.  ,v^  (i^-^)^  x^  lite  cvhotai^HikvmtfQC  gif  C 
\wwt!^>fts«kr:j  twft^f  m\X  ^^wttlr:  i^  jff  Artist  •^^sioiac.  JMi  wB 

i^4l9irtit^     ^^Mim  «riNta>ir  .fci^  ^naii  w  ^smmtiofi  .m.'^ 


X^ 


L  "^i .  t4r"^      lor*!  -: 


vm  ^km^^ni^ii  m 


;ict  Mf>^  %iiM  ii«tti  :»«{  icatir  jMv^  ttiimwpt   »i^»&>. 


metallurgists'  companion.  557 

"Con  of  its  more  difficult,  but  frequently  argentiferous  and 
|irofitable  ore,  the  sulphuret  of  lead,  or  galena. 

This  is  considered  the  best  and  most  exacting  method  for 
"the  reduction  of  galena,  and  the  other  ores  of  lead. 

Toii  will  see  at  page  498  (Cut  45)  a  vertical  section  through 
a  suitable  furnace  for  this  purpose,  which  was  there  described 
in  all  ways  excepting  its  dimensions,  and  the  manner  of  slope 
towards  the  tap  hole  and  iron  kettle,  which  may  be  supposed 
to  lie  at  about  the  middle  of  the  hearth,  at  the  further  side, 
ind  which  is  hidden  by  the  wall  of  the  furnace  itself. 
:  The  body  of  the  heartli  is  so  shaped  that  the  smelted  lead 
may  naturally  descend  to,  and  accumulate  into,  a  suitably 
large  pool,  for  occasional  withdrawal  through  the  clay-stopped 
tapping  hole,  by  the  aid  of  a  properly  pointed  bar,  into  the 
kettle  and  moulds.  The  great  expense  for  a  chimney  can  be 
avoided  by  an  ascending  flue  in  the  mountain  side. 

The  length  of  the  hearth  may  be 10  feet. 

rhe  breadth  of  the  hearth 7  feet. 

The  height  of  the  roof  above  the  hearth  at 

bridge  end 1  foot  i  inches. 

The  height  of  the  roof  above  the  hearth  at 

chimney  end 1  foot. 

The  breadth  of  the  fire-place 6  feet. 

The  length  of  the  fire-place 2  feet. 

The  charge  of  closely  concentrated  ore  for  such  a  furnace 
may  range  from  2000  to  3000  pounds,  as  governed  by  knowl- 
edge and  practical  skill  in  manipulation.  More  than  this 
amount  of  closely  concentrated  galena  is  frequently  smelted 
in  the  Cornish  lead  works. 

In  the  smelting  of  the  sulphuret  of  lead,  it  will  be  inter- 
esting to  notice  the  following  re-actions,  which  have  been 
most  subservient  for  the  smelter's  purposes. 

"  Boasting  in  contact  with  a  current  of  air  transforms  galena 
into  a  mixture  of  the  oxide  and  the  sulphate  of  lead,  while 
fames  of  sulphurous  acid  are  given  oft*. 

"  When  galena  is  fused  with  metallic  iron,  e  pper,  antimony^ 
or  zinc,  it  is  decomposed  with  the  formation  of  metallic  lead, 

"When  iron  is  used  in  this  connection,  the  lead  may  be 

'   # 
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almost  en fi rely  separatefl  from  tlie  sulpljur,  piincc  the  ten* 
deney  of  iron  to  alloy  with  leucl  is  very  slight,  in  a  stak 
of  almost  complete  parity.  If  the  galena  contain  at  the  sum 
time  sulphide  of  sUca\  It  will  experience  the  same  decoinix^iiion, 
and  the  lead  ami  silver  will  be  found  in  the  form  of  an  allot/^  trhilt 
the  iron  will  be  com''erted  into  the  sulphide.  This  re-actiun  i* 
frequently  taken  advantage  of  for  obtainiiig  rich  lead  upwtt» 
large  scale.  It  forms  the  bajris  of  the  method  einjtloyed  rm 
the  llartz,  in  %wioiis  parts  of  eentral  Germany j  iu  Hungary, 
and  in  Sweden. 

i   , 

*^  When  a  mixture  of  galaia  and  the  oxide  of  lead  are  fu3d 
together,  there  is  a  muiiud  deeomposillon ;  and  if  the  proper  pr^p-  ^ 
portions  are  emploi/ed^  all  the  sulphur  will  go  off  as  sulphurotu  _ 
acid  gaSy  and  only  metallic  had  will  remain,  ^M 

*^Thii9,  if  53*6  parts  of  galena  {representing  one  atom)  and 
100  parts  of  the  oxide  of  lead  or  litharge  (representing  (wo 
atorae)  are,  wiiile  in  contact,  brought  to  a  white  heat,  the 
sulphur  and  oxj'gen  combine,  formiag  sulphurous  acid,  aad 
139.2  parts  of  pure  lead  are  obtained. 

^^ It  galena,  in  this  experiment,  predoininatej  a  portion  of 
the  sulphur  will  be  combined,  and  a  sub-sulphide  of  lead  will 
remain;   if/ on  the  contrary",  the  oxide  of  lead  is  in  exeeaa^ 
nutadic  lead  and  litharge  will  be  the  result;  but  w^hen  a  mix™ 
ture  of  the  two  substances  is  only  raised  to  a  heat  just  suffi- 
cient to  fuse  them,  a  grey  oxy-sutpkide  will  be  obtained. 

'*  Gakua  ami  the  siulphate  of  hml  deeortipose  each  other  mutU' 
ally,  when  brought  to  a  red  heat.  Thus,  78  parts  of  galena 
(representing  one  atom)  will  give  sulpbumus  acid  gaa,  whicli 
goes  off,  and  127  parts  of  pure  lead*  H 

^^ IS  galena  and  an  excess  of  the  sulphate  of  lead  be  fnsed^ 
together,  the  oxide  of  lead  will  be  obtained  instead  of  tbe 
metal.  fl 

**Tlie  sulphate  and  the  sub-snlphide  aUo  re-aot  on  each  other,  ^ 
producing,  according  to  the  proportions  employed*  metallic^ 
lead  and  the  oxide  of  that  metal     If  in  any  of  these  cases^  silve^M 
is  present,  either  as  an  oxid^  or  a  sulphide,  and  metallic  lead  i^ 
produced,  the  silver  will  be  reduced,  and  will  be  found  alloyed  wi^ 
the  lead, 

''These  re-actions  are  of  immense  importance  to  the  lead 
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and  silver  smelter,  since  upon  them  are  founded  the  larger  num- 
ber and  most  extensively  used  methods  of  obtainino^  lead  and 
*rich  lead  *  from  the  ores  of  the  two  metals/' — Di\  Lambom. 

The  portions  concerning  metallic  scrap  iron,  for  the  forma- 
tion of  double  sulphides,  may  be  disregarded  in  new  coun- 
tries; and  as  its  scarcity  prohibits  its  application,  it  will  be 
useless  to  describe  this  mode  of  smelting. 

The  furnace  having  been  thoroughly  dried  and  brought  to 
a  low  red  heat,  the  charge  of  say  2000  pound  of  galena 
{which  shou'd  be  broken  to  the  size  of  peas,  and  so  closely  concen- 
trated that  it  shall  contain  not  more  than  one  or  two  per  cent,  of 
quartz)  may  be  now  dropped  from  the  hopper  into  the  fur- 
nace by  withdrawing  its  sliding  gateway,  and  distributed 
over  the  hearth  with  the  rake,  when  the  following  operation 
may  be  performed. 

1 .  Roasting  the  ore  under  rapidly  increasing  heat  and  free  access 
of  air  J  for  the  partial  decomposition  of  the  ore  into  oxiite  and  sul- 
phate of  lead,  whilst  sonie  sulphide  still  remains  undecomposed. 

This  generally  occupies  some  three  or  four  hours,  is  per- 
formed in  the  manner  described  under  "Roasting,  at  page 
499 ;  but  care  should  be  taken,  in  this  instance,  that  com- 
plete desulphurization  shall  not  be  accomplished: 

2.  Reducing  some  of  the  ore  to  metal  by  increased  heat  and 
exclusion  of  air. 

The  doors  must  be  now  quite  closed,  and  the  fire  urged 
until  the  greatest  possible  heat  is  attained,  when  the  reduced 
lead  is  tapped  off  and  ladled  into  moulds.  During  this 
period,  metallic  lead,  the  sub-sulphide  of  lead,  and  sulphur- 
ous acid  are  formed. 

3.  Repetition  of  the  first  process,  for  further  decomposition  and 
re-action  as  before,  by  the  further  admission  of  air  and  the  partial 
cooling  of  the  mass  of  slag. 

During  this  cooling,  the  sub-sulphide  has  the  peculiarity 
of  setting  free  some  of  its  lead,  by  increased  affinity  for  sul- 
phur, which  directly  increases  the  quantity  of  lead,  whilst 
more  ore  is  also  prepared  by  repetition  of  the  roasting. 

4.  The  second  smelting,  or  reduction,  may  be  now  accomplished 
as  under  the  second  heading,  and  the  resultant  lead  cast  into  moulds 
as  before. 
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TliORe  (lo3iili»ljurizations  niici  rediK-tions  are  repeated  nntflj 
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no  more 

In  tlie  last  one  or  two  smeltrnfj  stages,  a  little  limestone 
tliere  is  not  any  hi  the  ore)  niav  lie  added  (in  a  powdered 
state),  to  keep  the  mass  more  spoiitry  aii<l  less  ad  derive;  iiu 
some  chareoai,  so  as  to  redut^e  nioj'e  lead  than  woul*l  otlie 
wise  be  accomplij^hed 

The  siilphuret  of  antimony  should  not  be  present  in  anj 
quantity,  as  it  will  inierlere  with  the  early  ruastings;  an* 
qnartz^  by  tVirmiiJi^  a  too  liquid  slag  witli  the  oxide  of  lei 
will  also  eIoi£  and  prevent  tiie  necessary  initial  re-aetinm 
that  nuist  transpire  for  tlie  efteetual  reduction  of  lead  by  thi 
mode  for  sraeltin*;. 

It  will  be  generally  advisable  to  collect  tlie  various  fumes] 
in  suitable  elianihers,   en  roitte  to  the  chimney  top,  whicb 
rooms,  bein'^  much  larger  than  the  flue,  serve  to  depositj 
during  the  slower  travel,  the  oxides  of  lead,  or  aiitimouy,  ai 
well  as  some  of  the  sulphur  and  sulphurous  compoundi 
kSunietinies,  showers  of  water  are  provided  to  tall  at  one 
more  points  of  the  flue,  to  more  ettectually  precipitate  thi 
impalpable  oxide  powders;    whilst,  at  other  times,  varioai 
rneclianical  a]>pliance8  liave  been  used,  so  as  to  force  tli 
whole  of  the  fumes  through  water.     I  have  now  before  nv 
an  English  device  for  this  purpose,  which  will  be  interestiDj 
in  this  connet::tiou,  just  now. 

^^Bmmifs  apparafHsfor  eotide7}mff  lead  fumes**  was  describe 
in  the  '*  Mining  and  Smelting  Magazine/*  at  the  commeuc< 
meat  of  the  year  1805,  in  editorial  language  as  follows, 

^'In   pliiif   I,  fifzures   1  and  2,  we  g-ivc  flmwinjra  nf  Mr,  Frr*denck  Beonett'fl 
cotifiens" T>  uti  erected  at  t\w  St.  Ciilbbt'rt.  Inul  works.     As  alriNuly  slJitetf^  ihlf] 
apprtrfllus  consist,'*  csBentinllj  of  a  ftio  wli<*cl  uii  xha  principle  of  thr 
dean   screw,  working  i miner :ii'd   in  a  vvvUun  (k'pUi   of   wiiler,  in  ft 
chamber,  tlinrngh  wliith  aW  tlu'  lend  ftinie  nml  smoke  puss  from  the  fn 
thp  cbimnvy.     Tbt'  wln»ol  being:  put  in  mpiil  rotury  motion,  the  lend  lumc  and 
smoke  nr^'  <IrAWn  in,  iind  Iht  wuler  at  the  same  lime  projected  by  coutnfugi 
force  a?i  spray  tovvania  tlu-  periphery  of  the  wheel,  by  which  the  fume  is  fott:«i 
into  inrinmle  contact  with  the  water^  and  the  Imd  thtii  condensed.     The  wnU 
and  fume,  tinu*  mixed  tntrother^  being;  continued  to  be  ]jri>pel!ed  forward  by  tblj 
Bcrew^  t\ni\  an  outlet  at  tlie  t-iid  of  the  cbamhyr  intoa  circululinp  tank  on<?llh« 
side;  frotu  wbirb  rirfuhitia^  tank   tbis  lii|u'id  is  again  drawn  into  the  chnmb 
by  the  suction  of  the  wbef  1,  to  take  np  fresh  fume  :  an  operation  which  ia  coo 
tinnuMsh  repeJiicd  until   the  li<|iiid  becomes  sutficicnlly  SAtunited  to  l**  wtlb^ 
drawn  into  the  depusiliog  or  setUing  taukSf  when  n  fresh  qunntity  of  wtiitr  I 
supplied."        ####♦»»*♦ 

All  ineehanical  auxiliaries,  however,  appear  to  be  quit 
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unnecessary,  as  a  shower  of  water  will  cause  all  such  fumes  to 
be  condensed  or  precipitated  in  an  equally  efficient  manner. 

Those  who  fear  that  the  draught  would  be  thereby  retarded 
may  build  the  flue  so  as  to  descend  in  a  vertical  manner  for 
a  few  feet,  just  where  the  shower  of  water  falls,  and  the  very 
reverse  effect  will  be  the  result. 

The  more  general,  and  by  far  the  most  difficult  ore,  for 
being  smelted,  is  the  sulphuret,  or  galena;  the  oxide  and 
carbonate  are  less  frequent,  but  much  more  easily  smelted, 
requiring  but  sufficient  heat  in  a  close  furnace,  in  presence 
of  the  carbon  of  the  fuels. 

THE  SMELTING   OF  COPPER  IN  THE   REVERBERATORY  FURNACE,  BY 
THE   ENGLISH    METHOD. 

The  following  data,  taken  from  the  Philosophical  Maga- 
zine and  Journal  of  Science,  Vol.  IV,  as  written  by  J.  Napier, 
F.  C.  8.,  will  be  interesting  and  valuable  for  you. 

"  I.  The  copper  ores  must  not  be  under  9,  nor  over  13  per  cent.;  if  under 
the  former,  it  is  unprofitable*  poor ;  if  over  the  latter,  the  slags  have  a  tendency 
to  contain  copper,  creating  a  loss. 

<^  2.  The  mixture,  after  undergoing  an  ordinary  calcination,  should  fuse  easily 
without  the  necessity  of  adding  flux,  giving  a  clean  and  easily  fused  slag. 

"  3.  The  matt,  or  coarse  metal  obtained  from  the  first  fusion,  shall  contain,  as 
nearly  as  possible,  30  per  cent,  of  copper. 

<'4.  The  impurities,  which  will  make  the  quality  of  the  copper  lower  than 
that  determined  upon,  should  be  rejected. 

*^  In  forming  this  working  mixture,  the  rich  oxides  and  carbonates  are  not 
used,  but  are  retained  to  be  brought  in  after  the  reduction  is  partly  completed. 

**The  average  composition  of  all  the  ores  smelted  at  one  of  the  Swansea 
work8|  during  a  considerable  period,  was  as  follows : 

Silica 38.5 

Alumina 2.4 

Lime 0.3 

Magnesia 0.4 

Copper 13.5 

Iron 19.7 

Other  metals »  0.9 

Sulphur 23.1 

Carbonic  acid  —  oxygen  and  water 1.2 

100.0 
**But,  in  considering  the  reactions  which  take  place  as  we  follow  the  various 
processes,  we  may  regard  chiefly  four  of  these  substances,  and  consider  the  ore 
made  up  of — 

Copper 18  per  cent. 

Iron 29  per  cent. 

Sulphur 24  per  cent. 

Silicn 34  percent. 

100" 
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The  following  arc  the  moat  galient  features  of  the  fteveml 
diatiiict  prot:e3sea  for  smelting  and  reiining  of  copper  by  th*H 
method. 

1.  Roasting  the  mixed  ores,  for  the  partial  volatilization  of 
mlphur. 

2.  Smelting  coarse  metal  from  the  romted  ores. 

3.  Qikiuittion  of  cottrsc  melaL 

4.  Fusion  of  the  roasted  metaL  * 

5.  Moasting  the  partially  refined  metaL 

6.  Completion  of  the  refinemmt  by  idling. 

Those  who  may  require  to  thoroughly  smelt  and  refine 
iiopper  may  take  the  nuirketable  sulphide  matte,  as  roasted 
and  smelted  under  the  lirst  and  second  lieadings,  in  tlie  maa* 
ner  described  at  pagea  498 ,  41*9,  and  500,  and  treat  it  in ' 
game,  or  in  a  einiilar  furnace,  as  will  now  be  suecee8ivel| 
described  under  the  third,  fourth,  fifth,  and  sixth  headings. 

The  fuel  ueed  in  England  is  coaL 

PROCESS  III.      CALCINATION   OF   THE   FIRST  COARSE    METAL,  OR 
SULPHIDE   MATTE   PROM    PROCESS   U. 

The  objeet  of  this  second  roasting  is  to  volatilize  more 
sulphur,  antimony,  and  arsenic,  and  to  oxidize  the  copper  and 
iron,  so  that  the  former  may  be  smelted  to  greater  purity. 

The  coarse  and  friable  metal  is  first  bruised  to  a  granular 
state  ;  then  it  is  charged  thmugh  the  hopper,  spread  over  the 
hearth,  and  roapted  in  a  similar  manner  to  the  ore,  takinjr 
care  that  the  heat  shall  be  gradually  increased,  during  occa- 
sional stirring  for  some  twelve  hours,  to  but  a  red  bent, 
which  should  he  continued  until  twenty -four  hours  have-^ 
expired  from  the  commeticement  of  the  roasting;  when  the^ 
t;harge  may  be  raked  from  the  furnace  and  cooled  down  by 
water,  which  releases  more  sulphur  by  the  formation  of  sul- 
phide of  hydrogen  gas. 

It  is  now  ready  for  the  next  smelting. 
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PROCESS    IV.      FUSION    OF  THIS    ROASTED    COARSE   METAL. 

To  manage  the  charge  in  the  most  efficient  manner  aa  to 
the  prolitable  introduction  of  rich  oxides,  carbonates,  cupri 
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erous  slag,  broken  hearths,  or  copper  scales,  and  to  know  by 
the  appearance  of  the  fused  contents  when  the  proper  appear- 
ances are  presented,  is  probably  the  most  difficult  manipula- 
tion of  copper  smelting,  for  herein  lies  the  facility  for  realiz- 
ing greater  profit,  or  wasting  unnecessary  fuel  and  labor, 

A  certain  amount  of  such  more  easily  reduced  copper  may 
be  thus  produced,  to  increase  the  quantity  of  what  would  be 
otherwise  obtained  at  the  same  smelting  cost;  so  that  any 
quantity  of  such  that  might  have  been,  but  was  not  added, 
would  have  occasioned  unnecessary  loss. 

A  common  charge  may  amount  in  total  to  4000  pounds  of 
a  mixture  of  about  equal  weights  of  the  roasted  metal  from 
Process  III,  and  one  or  more  of  such  more  easily  reducible 
compounds,  with  about  ten  per  cent,  of  the  resultant  slags 
from  the  previous  smeltings  under  Processes  V  and  VL 

This  being  charged  through  the  hopper,  and  spread  evenly 
over  the  furnace,  all  of  the  doors  are  closely  luted,  and  the 
fire  is  made  to  play  thereon  for  some  three  hours,  until  the 
mass  has  arrived  at  a  partial  state  of  fusion  with  a  molten 
sub-stratum  of  metal  and  thick  crust  of  semi-fused  matter. 
The  fire  is  now  urged  to  its  full  strength  until  this  also 
becomes  fluid,  which  may  be  accelerated  by  occasional  stir- 
ring and  transferrence  of  the  thick  lumps  to  the  hotter  part 
of  the  hearth. 

In  about  six  or  seven  hours  this  smelting  is  completed, 
when  the  slag  may  be  skimmed  off,  and  the  underlying  metal 
tapped  to  fall  into  water  for  granulation,  or  be  run  into  suita- 
bly shaped  sand  moulds,  to  form  pigs. 

By  this  means,  the  iron  has  been  oxidized  and  removed 
fi^m  the  charge  of  roasted  copper,  by  union  with  the  silica 
of  the  ore,  the  slag,  and  the  hearth;  whilst  more  copper  is 
reduced  by  simultaneous  changes  at  high  temperature,  form- 
ing "blue  metal,**  which  should  be  composed  of  copper  73, 
iron  6.5,  and  sulphur  20.5  (sub-sulphides  of  copper  and 
iron). 

The  slag  is  principally  composed  of  proto-silicate  of  iron, 
with  from  one  to  two  per  cent,  of  copper,  which  should  break 
easily  into  glassy  sharp-edged  fragments. 

This  slag  is  mixed  with  the  charge  for,  and  beneficiated 
ander,  Process  11. 
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PROCESS    V.       ROASTING    THE    BLUB    METAL. 

About  three  tons  of  *'blue  metal'*  pigg  may  be  now  intro- 
diieetl,  oil  suitably  flattened  long- handled  bars,  so  as  to 
ocrcupj  separate  places  on  the  hottest  part  of  the  hearth.       J 

The  doors  must  be  closely  luted,  and  the  furnace  heated  toH 
the  melting  heat  of  copper,  so  that  the  metal  may  be  slowly 
melted  tu  fall  from  the  pigs  in  innumerable  drops,  for  it» 
more  speedy  and  efteetnal  desulphurization. 

This  continuing  and  increasing  heat  will  soon  render  the 
whole  contents  perfectly  luolten,  and  more  sulphurous  gas 
will  continue  to  be  evolved  from  the  boiling  fluid;  thedoora 
of  the  furnace  must  be  opened  to  supply  oxygen,  when  the 
gradually  cooling  mass  will  form  a  surface  enerustatioUj  as 
the  underlying  pool  continues  to  boil  and  pass  off  sulphurous- 
acid  gas.  When  the  temperature  is  so  low  tliat  this  actioi 
becomes  retai*Jed,  the  doors  are  closed,  that  thorough  melt 
iug  may  be  accomplished,  for  a  repetition  of  cooling,  l^5 
before,  and  again  and  again,  if  necessary,  until  but  little 
gas  escapes,  when  the  doors  should  be  firmly  closed, 
and  the  fire  be  increased  during  a  period  of  five  or  six 
hours,  to  its  utmost  heat;  during  t!ie  former  part,  the 
remaining  gas  will  escape,  and  when  the  temperature 
becomes  sufficiently  high,  the  silica  thus  fused  from  tliftfl 
furnace  will  unite  with  tlie  metallic  bases  present,  to  form™ 
a  slag,  wtiich  floats  on  the  surface  of  the  still  more  or 
less  impure  alloy,  that  varies  from  ninety  to  uinety-eij 
percent,  of  copper,  associated  with  sulphur,  iron,  antimony^ 
tin,  and  silica. 

These  re-actions  are  produced  in  about  twenty-four  hoars. 

The  extensive  smeltemj  knowing  every  demand  for  varioi 
alloys  thus  produced,  frequently  stop  here,  and  sell  acco 
ingly;  and  sometimes,  when  comparatively  pure  copper  ii 
only  required,  they  beneficiate  a  portion  of  this  smelting  b; 
taking  advantage  of  tbe   fact  that  the  other  metals,  beiDj 
more  fiisible,  by  giving  their  sulphur  to  the  copper,  are 
reduced  to  metal,  and  can  be  separated  by  being  tapped  ofl 
when  about  one-quaiter  of  the  whole  is  melted,  before  th" 
more  infusible  tine  copper  has  been  reduced  to  molten 
dition. 
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PROCESS  VI.      REFINING   AND   TOUGHENING   OF  THIS   ALLOY. 

There  are,  properly  speaking,  two  important  principles 
applied  in  this  manner  of  refinement,  the  first  for  the  further 
riddance  of  sulphur,  iron,  and  zinc,  and  the  last  for  the  com- 
plete expulsion  of  arsenic,  antimony,  and  tin;  so  that  when 
the  latter  are  not  present,  the  poling  may  be  sometimes 
unnecessary. 

For  this  smelting,  the  same,  or  a  similarly  shaped  furnace, 
may  be  used;  but,  as  the  metal  is  generally  ladled  into  suit- 
able moulds,  an  opening  should  be  provided  for  the  passage 
of  the  ladle  into  one  of  the  fire-end  corners,  towards  which 
the  bed  of  the  furnace  should  slope  to  form  a  pool. 

As  the  present  object  is  more  simple  than  those  of  the 
past,  about  six  tons  of  metal  may  be  introduced  as  in  the 
last  instance,  and  after  the  doors  are  closed,  the  fire  must  be 
urged  until  the  copper  becomes  molten;  the  slag  may  be 
now  removed  from  the  surface  of  the  metal,  to  expose  it  for 
more  effectual  oxidation  and  discharge  of  the  sulphur,  iron, 
and  zinc,  which  volatilize,  or  combine  with  silica  to  form 
still  more  slag. 

The  air  is  allowed  to  flow  over  the  surface  for  some  time 
aft«r  the  motion  created  by  the  escape  of  gas  has  ceased,  so 
as  to  ensure  the  formation  of  a  sufficient  amount  of  the  sub- 
oxide of  copper;  and  when  the  furiiaec-man  is  satisfied,  from 
the  appearance  of  an  especially  drawn  sample,  that  the  sub- 
oxide of  copper  has  been  formed  in  appreciable  quantity,  it 
will  be  safe  to  say  that  the  first  stage  for  purification  has  been 
accomplished. 

The  last  purification  may  be  now  proceeded  with,  for  the 
removal  of  those  metals  (arsenic,  antimony,  and  tin)  which 
had  too  strong  aflinity  for  copper  in  molten  state,  as  com- 
pared with  silica  or  oxygen,  for  separation  by  the  above 
means. 

The  partially  sub-oxidized  molten  copper  must  be  now 
completely  covered  with  pulverized  anthracite,  or  charcoal, 
to  prevent  further  oxidation  of  the  copper;  whilst  that 
already  oxidized  is  again  reduced  to  metal  by  the  insertion 
of  a  green  pole,  or  branch  of  oak,  birch,  or  other  suitable, 
substantial,  slow -burning  wood.     This  consequently  bears 
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tbe  nairie  of  ** poling;"  for  wliikt  it  is  being  subjected 
liigh  temperature,  the  requisite  changes  take  place. 

Manj  reasons  have  been  gi%*en  for  this  effect;  but  none 
that  I  have  seeti  are  sufficiently  clear  or  satisfactory,  (&>/af 
as  (he  reduciion  of  ike  sub-oxide  to  copper  is  cmicemed,  it  is  /^roffl 
able  thai  it'hen  the  wood  is  brought  to  high  temperature^  under  t^^ 
surface,  and  apart  from  all  other  sources  for  oxygen  timn  thitof 
the  sub-oxide  of  eopper,  its  affinitg  is  much  more  ifUense  far  it, 
than  the  oxggen  for  the  eopper,  so  that  stifled  combustion  or  oxid/^- 
iion  of  the  elements  of  wood  takes  place;  lehilsi  the  jy)*oduets  oj 
combustion^  carbonic  acid  and  water ^  in  forcing  their  way  to  tk 
surf'ce,  mag  also  oxidize  and  carry  the  arse^iic,  ^m,  and  antimi 
away,  for  i!'Hksequent  oxidation  by  the  hot  furnace  oxygen,) 

This  operation  geiierallj  occupies  but  about  a  halt-hoQf, 
and  as  it  maj'  be  overJone,  careful  exami nations  should  be 
made  on  email  quantities  drawn  from  the  furtiuce,  as  to  hard- 
nemy  color,  ductility^  and  toughuesg;  which  cau  be  best  seea 
by  flattening  to  thin  diaks  under  the  hammer  or  sledge.  Itfl 
color  and  bai'dness  are  easily  recognized,  and  its  ductile 
and  tenacity  niiiy  be  as  readily  seen  by  the  tlnuuess  of  til 
disk,  and  treedom  of  its  periphery  from  cracks. 

If  it  is  over-acted,  tbe  metal  will  appear  too  pale  ami  hard, 
and  the  proeess  mu^t  be  repeated. 

It  is  tlien  hulled  inttj  large  or  small  ingot,  tile,  or  bar 
moulds,  to  suit  the  different  markets,  which  will  greatly 
depend  on  the  purposes  for  which  it  is  required. 

It  is  also  sometimes  granulated,  by  tailing  into  cold  water^ 
to  thin  "feather  shot;"  and  by  falling  into  hot  water,  to 
*'bean  shot/'  w^hich  are  more  suitable  for  the  email  opera- 
tions of  the  manufacturer. 

Copper  ingots  are  sampled  for  average  by  drilling  througb. 
and  may  be  assayed  best  i>y  the  humid  means. 

When  copper  work^  are  placed  on  hilUsides,  and  have 
excavated  tlues  and  chimneys,  the  fumes  should  be  rctarJ<^J 
and  arrested  in  large  chambers,  so  as  to  beneficiate  the  vaU- 
tilized  sulphurous  compounds,  that  would  otherwise  escape 
and  be  wasted.  i 

(Complicated  and  difficult  as  this  English  system  appear»»B 
the  French  and  German  modes  are  even  more  so;  whilst  tli^~ 
number  of  processes  are  also  in  excess. 
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These  ores  are  fioely  pulverized  hy  the  miner,  for  coucen- 
tration  and  separation  by  water  treatment  of  all  deleterious 
gangue  matter,  and  for  remov^iug  by  fij'e,  as  described  at  page 
500  and  ftrllovviiig  pages,  of  such  as  cannot  be  passed  away 
in  water. 

It  has  been  the  practice  for  the  miner  to  olosely  purify  this 
ore,  even  by  roasting  when  necessary,  so  that  the  smelter 
may  reduce  it  to  metal  forthwith. 

A  furnace  of  the  general  form  shown  by  Cut  45,  page  498, 
may  be  used,  except  that  tlie  top  should  be  made  lower,  or 
closer  to  the  heiuili;  whilt^t  the  bottom  and  bridge  are  pro- 
vided with  underlying  air  chambers,  to  prevent  too  great  a 
heat,  and  increase  the  duration  of  the  fire-resisting  material** 
of  the  furnace. 

One  ton  of  this  finely  pulverized,  properly  prepared  ore  U 
mixed  with  about  sixteen  percent,  of  anthracite  ("culm**) 
and  a  little  common  lime  or  tluor  spar,  and  spread  over  the 
hearth,  when  the  openings  are  closed  and  the  fire  forced  to 
full  condm^ition  for  some  seven  or  eight  houi*s;  the  charge 
must  now  be  well  raked  and  stirred^  so  as  to  break  and  mix 
the  undissolved  clods  with  the  molten  mass;  then  the  doors 
may  be  again  closed  until  the  whole  contents  are  fluid.  Some 
moistened  ash  should  be  thrown  over  the  whole  surface,  to 
serve  as  a  means  for  cleansing  the  metal  from  dross,  by  col- 
lecting it  into  a  slag,  which  may  be  easily  raked  otF  before  the 
metal  is  tapped  into  a  suitable  iron  pot  (as  that  for  lead). 

Shortly  after  the  metal  has  been  drawn,  the  slag  that 
'ascends  to  the  surface  should  be  skimmed  ott',  and  the  metal 
ladled  into  various  suitably  shaped  moulds. 

This  metal,  even  after  every  preliminary  care,  is  nmre  or 
leas  alloyed  with  the  chance  associates  of  arsenic,  bismuth, 
copper,  iron,  lead,  etc.;  so  that,  for  some  markets,  it  is 
imperatively  necessary  that  the  alloyed  metal  should  be 
retincil,  which  is  done  somewhat  after  the  manner  described 
in  "Copper  Smelting/' 

Tliis  coarse  tin  may  lie  refined  by  being  placed  in  the  fur- 
nace, under  a  very  gradually  increasing  heat,  by  wbich  the 
more  fusible  pure  tin  is  first  smelted,  drawn  off  at  the  proper 
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time,  and  ^^poled"  like  copper,  but  with  a  bundle  c 
limbic,  wliich,  by  fbrriiii)g  ii^ases  and  steam,  bring  the  i 
to  the  surface,  for  oxidizing  into  droas;  whilst  t\\ 
noftised  alloy,  that  contains  les&  tin,  remains  in  the  fnrnaee. 
The  fire  ia  now  increased  until  this  is  also  molted,  when, 
after  the  first  drawn  and  purer  tin  has  been  ladled  ioto 
moulds  ajs  '*  bar  tin/"  or  broken  at  the  proper  heat  into  '* grain 
tin,"  the  last  smelted  may  be  tapped  and  ladled  off  iuti>j 
moulds,  as  ** block  tin/' 

Here,  as  in  the  copper  trade,  the  large  European  smeltec 
command  many  advantages,  from  knowledge  of  the  roquire- 
mentp^  of  the  many  ditiereot  manufacturers. 


SMELTING  OF  THE  ^ULPIIURET  OF  ANTIMONY  IN  VERTICAL,  Cl'LIN- 
DRICAL  RETOHTS  ANI»  CRUCIULES,  WITHIN  REVKRBERATORY 
FURNACE, 

Tliis  mineral  cannot  be  successfully  smelted  in  the  open 
tire,  as  the  preceding  ores  of  lead,  copper,  and  tin,  unlew 
largely  mixed  with  tliem  as  an  alloy;  for,  althongh  it  cannot 
be  entirely  evolved  from  them  very  promptly,  it  is  as  difficult 
to  reduce  it  to  metal  when  alone. 

It  tVequently  happens  that  tlte  alloys  of  lead,  tin,  and  anti- 
mony are  marketable  as  such,  so  they  can  be  smelted  by  the 
methods  ah^eady  given;  but  when  the  solitary  sulphuret  of 
antimony  is  rc(pnred  to  be  reduced,  there  is  probably  no 
better  method  than  that  used  in  the  Malbose  Mines,  France, 
which  has  been  described  as  follows  by  Mr.  G.  II,  MukiOEi 
in  his  ''Manual  of  Metallurgy." 

**  At  tliese  mines,  the  operation  is  performed  in  a  reverbe^ 
atory  furnace,  but  constructed  witli  a  dome -shaped  arch  — 
that  is,  arched  each  way;  underneath  this  is  placed  a  set  of 
four  fire-clay  cylinders  or  retorts,  A,  which  rise  perpendica- 
larly  through  rather  larger  openings  in  the  arch;  these  open- 
ings being  covered  by  fire-clay  covers.  The  cylinders  stand 
perpendii-nlarly  upon  the  strong  cover  of  an  oblong  chamber 
formed  below  ou  each  side,  wherein  a  crucible,  B,  is  placed 
immediately  below  each  cylinder,  for  the  purpose  of  receiv- 
ing  tlae  liquid  sulphide,  which  passes  from  the  clay  cylinder 
down  into  tiie  croeihie  by  a  hole  in  the  chamber  cover.  The 
grates  run  from  back  to  front,  and  are  placed  on  eaeh  side  o 


I 


metallurgists'  companiox. 


569 


le  crucible  djainbers,  at  about  tlio  level  of  the  pots,  the 
heat  beiiig  allowed  to  pass  into  them  by  flues. 

**In  working,  the  crude  ore  is  put  into  the  elay  cylinders, 
and  wood  fires  are  kindled  upon  the  grates,  tlie  draught  of 
which  U  kept  up  by  a  chimney  which  rmes  over  etich  pair  of 
c*3dinders,  Ab  the  siilpliide  fuses  out  of  the  ore,  it  passes 
down,  and  is  received  in  the  crucible  below  j  the  latter,  being 
of  caint-iron,  h  lined  with  clav,  in  order  to  set  the  cake  of 
sulphide  out  more  easily  when  cold.  The  operation  upon  a 
charge  of  ore  occupies  about  three  hours. 

**Tlie  product  so  obtained  is  commercial  crude  antimony, 

which    is  really  a  sulpliide. 
From  this  the  metal   is  ob- 
tained, by  first  powdering  it, 
and  til  en  heating  upon  a  re- 
verberator;^ bed,  a  roasling  or 
dull  red  beat  l>eing employed. 
By  this,  much  of  the  sulphur 
is  driven  off,  together  with 
any  arsenic  which  may  have 
been  present;  some  oxide  of 
antimony  is    generally   lost, 
also,    during    this    roasting. 
The  two  former  escape  as  sul- 
phurous and  arseniuus  acids. 
The  residue,  which  consists 
of  a  mixture  of  tei'oxide  and 
tersulphide  of  antimony,   is 
now  worked    up  with    one- 
tifth  its  weight  of  cliarcoal, 
which    has  been   previously  saturated  with  a  strong  solu- 
tion of  carbonate  of  soda.     This  mixture,  placed  in  crucibles, 
is  heated  in  a  wind  furnace  to  bright  redness;  thus  the  metal 
[is  reduced,  and  sinks  to  the  bottom  of  the  pots,  under  a  slag 
composed  of  sulphide  of  sodium  with  sulphide  of  antimony. 
^  This   latter  is  separated  from  tlio  pure  metal   and  soltl  m 
h  crocus  of  antimony/     The  yield  of  metal,  owing  to  this  and 
other  loss  during   its  extraction,  always  falls  short  of  the 
equivalent  contained  in  the  ore.     The  metal  itself  is  knowa 
as  'regulus  of  antimony.* 
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"Clieniically  pure  antimony  is  best  obtained  by  Wohler's 
method,  which  is  as  follows.     Four  parts  of  metsillic  anti- 
mony are  powdered  with  two  of  dried  carbonate  of  soda  and 
five  of  nitrate  of  soda.     This  mixture  is  heated  to  redness, 
when  oxidation  of  the  antimony  and  arsenic  (if  the  latter  be  ^ 
present)  takes  place  at  the  expense  of  the  oxygen  of  the  H 
nitrate  of  soda,  and  antimoniate  and  arseniate  of  soda  are  ~ 
formed.     When  deflagration  ceases,  the  pasty  mass  is  kept 
over  the  lieat  for  about  half  an  hour,  the  operator  now  and 
then  squeezing  it  with  an  iron  spatula;  after  which,  it  ia 
removed,  and,  wdien  cold,  powdered  and  thrown  into  boiling  i 
water;  thid  dissolves  a\vay  tl^e  arseniate,  while  the  insoluble  J 
antimoniate  is  left;  this  is  well  washed  with  hot  water.    It] 
is  then  removed,  dried,  and  fused  with  half  its  weight  of 
crude  tartar.     The  product  of  this  fusion  is  next  broken  apj 
and  thrown  into  water;  a  copious  evolution  of  hydrogen  is  at 
once  set  up  from  the  oxidation  of  the  potassium,  for  the  mass 
so  treated  is  an  alloy  of  antimony  and  potassium.     The  resi- 
due of  this  action  is  a  powder  composed  of  antimony,  with 
any  iron  and  lead  wdiich  may  have  been  contained  in  the 
original  metiiL     To  remove  these,  about  one-third  of  the  | 
powder  is  treated  with  nitric  acid,  so  as  to  oxidize  it;  this' 
portion,  when  w^ashed  and  dried,  is  mixed  %vith  the  residue 
of  the  metallic  powder,  and  the  two  fused  together  in  a  cov- 
ered crucible,  by  which  the  pure  antimony  is  separated  and 
subsides  under  a  slag  composed  of  the  foreign  oxides/* 


SMELTIXCJ  OF  ZINC  ORES  BY  TUE  ENGLISH  METHOD;    IN  LARGE  CllC 
CIBLES    PLACED   WITHIN    DOME-SHAPED   RETORTS,   AS   HEATE: 

by  an   internal  fire,  and  covered   by  its  drauoht- 
creatino  chimney. 

Zinc  ores  closely  resemble  the  autimouial  in  their  actions 
during  reduction  by  tire;  so  that  equally  unusual  means 
must  be  resorted  to  before  the  metal  can  be  obtained. 

There  is  probably  no  method  more  simple,  eflective,  and 
exacting,  than  that  called  the  English,  which  is  generally 
performed  in  the  following  manner,  in  a  kind  of  muffled  fur- 
nace, somewhat  similar  in  form  to  that  used  by  glass* 
blowers. 

All  the  ores  of  zinc  should  be  closely  concentrated  and 
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powdered,  and  tlie  sulphide  nuist  be  roasted  and  frequently 
stirred  for  from  eight  to  twelve  hours,  at  a  well  regulated  red 
heat,  in  a  common  reverberatorj  furnace. 
■  Cut  55  represents  the  reducing  fumacte,  which  is  built  on, 
and  supported  b\%  four  walls  that  enclose  the  transverse  ash- 
pit, A,  and  form  the  two  side  rooms  where  the  iron  receiving 
vessel?,  V,  V,  are  seen.* 

Under  the  four  crucibles,  C,  C,  C,  C,  which  have  holes  in 
their  bottoms,  four  short  conical  pipes  pass  down  some  four 
inches  through  the  bed-plate,  and  four  long  and  parallel  thin 

Iwronght-iron  tubes,  T,  are  elevated  to  jam  over  their  bottom 
ends,  to  carry  the  zinc  down  into  the  above  named  vessels, 
V,  Vj  V,  V.     Over  and  oj^posite  the 
*^^-  ^^'  trrueibles,  in  the  sides  of  the  exterior 

K       ^^H^^  conical  chimney,  as  well  as  in  the  side, 

I        fiH^  m  and  on  the  roof  or  dome,  D,  of  the 

m        ilHr    %  interior  muffle  furnace,  are  situated 

fW  "'      ^  as  many  arched  doors  and  circular 

K      /■  'A  hoi CH,  for  arranging,  supplying,  and 

I     /  w    '  V\  clearing  the  crucibles,  wiiich  are  gen- 

|jJK!JS|^^  erally  about  four  feet  high,  to  hold 

K    Jh^MP^^^^         three  hundred  pounds  of  ore. 
_  ^  ^^c%  'M?ihL\  ^^^^  short  conical  tubes  that  lie 

under  the  crucibles  are  smeared  with 
a  rather  thick  wash  of  clay,  so  that 
they  may  be  both  tightened  under 
them,  and  in  the  holes  through  the 
furnace. 
The  holes  in  the  bottoms  of  the  crucibles  having  been  tirst 
covered  with  pieces,  or  stopped  with  plugs,  of  dry  wood,  one 
measure  of  coarse  coke  or  charcoal  is  laid  equally  over  the 
bottom  of  oacli  crucible,  then  a  measure  of  fine  coke  or  char- 
coal, and  then  four  measures  of  the  prepared  ore  —  thi'ee 
hundred  pounds — is  placed  thereon,  and  on  it  four  measures 
of  coke  or  charcoaU 

The  whole  four  pots  being  charged  in  a  si  mi  lar  manner, 
and  their  covers  closely  luted  on,  the  outside  openings  in  the 
furnace  and  chimney  may  be*  closed  with  bricks,  and  the  fire 

L        *  For  better  exposure  of  the  condenBiag  pipes  and  receiving  dishes,  onl/  Ibe 
^^Iwo  ouuiric  siipportiug  woJlfi  Arc  sliowD. 
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lighted  in  the  furnace.  The  tire  should  be  gradually 
increabed,  when  the  mouths  of  the  short  conical  pipes  which 
descend  and  protrude  through  the  bottom  will  indicate  when 
the  h>nfi^  coudensiufij  pipes  should  he  attaclied* 

The  flume  is  lir^t  a  dull  browu,  wliich  gradually  changes 
and  brightens  until  it  beconiea  of  a  bright  blue  color,  when  the 
long  and  thin  wrought-iron  pipes  should  lie  dipped  in  the  wash 
of  clay,  and  attached  to  the  short  conical  pipes  in  a  gas-tight 
manner,  by  siniultaneouj^  twisting  and  elevating  motions. 

The  volatile  oxide  passes  dow^n  and  condenses  in  the  tnbeg, 
to  fall  into  the  receiving  vessels,  V,  V,  V*  V. 

In  this  furnace,  five  such  charges  of  ore  can  be  passed 
through  in  a  fortnight;  so  that  where  large  quantities  have 
to  be  gm cited,  many  furnaces  must  he  used* 

About  twenty-five  tons  of  coal  are  required  for  the  reduc- 
tion of  one  ton  of  zinc,  the  total  costs  being  about  X20  for 
each  ton  of  zinc.  It  is  necessary  that  the  bent  should  be 
gradually  iuereaaed  by  careful  management  of  tlie  fires. 

Three  men  are  required  for  each  furnace,  as  continual 
attendance  is  required  to  keep  proper  heat,  to  see  tliat  no 
leakage  occurs,  and  that  the  discharge  pipe^  are  n(*t  choked, 
which  will  frequently  happen  unless  cleared  etiectually  by  a 
bar  of  iron  j  sometimes  a  hot  bar  is  required  to  melt  down  the 
accumulation  of  zinc  from  the  small  end  of  the  upper  pipe- 
After  upwards  of  sixty  hours  have  passed  away,  when  the 
zinc  falls  but  in  occasional  drops  from  the  tube,  the  tire  may 
be  subdued  or  withdrawn,  and  the  contents  of  the  crucibles 
be  removetl  by  passage  down  through  their  bottoms,  to  make 
room  for  the  repetition  of  the  charge. 

These  crueibleB  may  be  nmde  at  the  smelting  works,  in  the 
following  manner,  from  a  mixture  of  best  Stourliridge  clay, 
1040  pounds;  second-best^  750  pounds;  old  pots,  1310  jkounds. 
This  will  be  sufficient  for  four  pots. 

A  hottonilcss  tub  of  w^ood  is  used  for  moulding  these  pots, 
which  is  similar  in  interior  shape  to  the  exterior  of  the  cruci- 
ble»  This  tub  is  di%ided  vertically  into  three  sections,  and 
surrounded  by  two  or  more  hoops  of  imn,  during  the  ram- 
ming  up  of  the  crucible.  The  above  ingredients  are  pulver- 
ized, intimately  mixed,  and  so  moistened  that  they  rnay  be 
formed  in  a  supple,  yet  retentive,  solid  manner. 
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The  bottom  is  first  formed,  then  the  sides  are  built  up  in  a 
rather  intermittent  manner,  from  time  to  time,  using  suitable 
local  moulds,  to  favor  the  ramming,  etc.,  by  wooden  mallets, 
and  placing  moistened  rags  upon  the  top,  to  prevent  it  from 
becoming  too  dry  for  the  adhesion  to  the  next  additions. 

These  crucibles  should  be  allowed  sufficient  time  to  dry, 
be  kept  in  a  warm  place  to  expel  water,  and  should  not  be 
used  for  a  considerable  time  afterwards.  When  first  used, 
the  fires  should  be  very  gradually  increased;  and  if  required 
to  replace  another  in  a  hot  furnace,  it  should  be  first  made 
red  hot  in  a  separate  fire,  and  transferred  to  the  furnace  by 
large  and  suitable  tongs,  which  should  have  an  iron  cross- 
axle  .attached  to  its  rivet  under  the  middle,  so  that  a  pair  of 
wheels  may  be  employed  for  more  convenient  and  safer  con- 
veyance to  its  place  in  the  furnace,  through  arched  openings 
that  are  made  for  this  purpose  in  tlie  sides  of  the  inside  dome 
or  furnace,  which  are  also  opposite  the  outside  doorways^ 

The  agglutinated  lumps  of  metal  may  be  taken  from  the 
several  vessels,  and  melted  in  cast-iron  pots,  during  continual 
stirring  and  skimming;  the  metal  poured  into  suitable  moulds 
for  marketable  ingots,  and  the  dross  re-treated  with  the  suc- 
ceeding charges  of  ore. 

THE   SILESIAN    PROCESS   FOR  THE   EXTRACTION   OF   ZINC 

Diflfers  but  little  in  principle  from  the  process  already 
described  for  the  volatilization  and  reduction  of  mercury,  by 
retorts. 

The  retorts  are  made  of  an  equal  mixture  of  Stourbridge 
clay  and  old  pots,  finely  pulverized,  and  moulded  into  cylin- 
drical form,  solid  at  the  back  end,  and  having  a  hole  at  the 
front  end,  for  charging  the  ore,  removing  its  residual  debris, 
and  conveyance  of  the  sublimed  zinc,  througb  suitably 
tapered  jointed  pipes,  to  the  receiving  vessels  without^  as  in 
the  English  method  just  described. 

THE   BELGIAN   PROCESS   FOR   THE    EXTRACTION   OF   ZINC. 

This,  like  the  Silesian,  is  effected  in  retorts;  but,  instead 
of  one,  as  many  as  seventy-eight  retorts  have  been  used  in 
one  furnace,  which  ran  across  a  narrow  vertical  flue  or  chim- 
ney, immediately  above  the  fire-place. 
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The  retorts  rest  at  the  back,  on  as  many  steps  in  the  wall; 
dedcentl  towards  the  front  at  an  angle  of  about  eight  degrees     , 
from  the  horizontal;  and  discharge  into  condensing  tubes,  asH 
before.  ^ 

In  European  practice,  with  cheap  attendant  labor,  the  zinc 
ores  can  only  be  profitably  reduced  where  coal  can  also  be 
obtained  at  about  the  value  of  $H  per  ton;  so  it  is  clear  that 
unless  some  peculiarly  isolated  local  demand  shall  arise,  it 
will  not  be  advisable  to  smelt  the  ores  of  zinc  here. 


cm  ae. 


THE   SMELTING   OF   IRON   IN   CUPOLA   FITRNACE,  UNDER  ARTIPtCUL 

BL\BT, 

In  the  future  mining  of  the  vast  interior  of  this  country,  it^ 

will  be  frequently  ad-™ 
vantageous  to  smelt 
i  ron  for  su  pply i  ug  the  m 
local  iron  founders  of" 
large  mining  dis- 
tricts, and  sonietinses 
for  the  more  econom* 
ical  working  of  large 
and  lasting  mines, 
which  may  then  have 
the  heavier  wearing 
parts  of  their  ma- 
chinery substituted 
when  required,  to 
save  the  heavy  costs 
tor  transportation. 

Cut  50  represents  a 

section  of  the  most      n 

common  and  eonveo^fl 

ient  furnace  for  smelts  ™ 

ing  the  various  avail-^ 

able  iron  ores.  H 

A  strong,  square  bed  of  stone  is  first  laid,  of  about  twenty 

feet  in  diameter;  the  centre  should  be  a  good  fire-rock,  and 

drainage  channels  should  be  left  beneath,  to  pass  off  anj 

mot  u  re. 
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The  furnace  is  drawn  to  shape;  the  total  height  may  be 
fifty  feet;  the  greatest  internal  diameter  at  the  bottom  of  the 
upper  round  cone,  sixteen  feet;  and  the  diameter  of  the 
underlying  square  crucible,  three  feet  at  the  blast-holes. 

The  properly  shaped  fire-stone,  F,  should  be  placed  to  form 
the  front  of  the  crucible,  with  the  stones  for  the  sides  and 
back  as  high  as  the  blast-holes,  which  generally  stand  about 
from  two  feet  to  two  feet  six  inches  from  the  bottom.  The 
crucible  part,  8,  is  then  reared  up  as  shown,  and  flared  outwards 
to  form  the  bosh,  c,  c;  this  is  at  the  same  time  surrounded 
by  the  adjoining  shell  and  full-sized  outer  wall,  which  is 
built  of  strong  material,  and  brought  to  a  dead  level  at  this 
particular  height,  to  form  the  bed  for  the  upper  cones  or 
double  shafts;  whilst  four  channels  or  doorways  are  left  in 
its  lower  part  (for  front  tapping-hole,  where  the  furnace-man 
is  seen  with  the  tapping-bar),  for  the  two  side  blast  pipes  and 
the  back  blast  pipe  (as  shown  with  its  governor  at  B). 

The  arched  gangway,  6,  is  made  to  pass  a  little  more  than 
half  round  the  back  of  the  furnace,  to  provide  room  for  the 
blast  pipes  and  the  workmen. 

Upon  this  strong,  square  prism  of  bed-work  the  two  circu- 
lar cones,  C,  are  built,  the  one  being  a  few  inches  larger  than 
the  other,  so  that  sand  may  be  placed  between,  to  permit 
expansion  and  contraction  of  the  inner  cone,  and  to  allow 
greater  facility  during  repairs. 

At  the  top  of  this  is  seen  a  walled  terrace  and  railway  for 
supplying  the  furnace,  which  explains  itself  at  sight. 

Such  furnaces  may  be  worked  more  conveniently  when 
placed  at  the  foot  of  a  hill,  as  the  road  can  be  made  to  run 
at  a  more  convenient  level  for  supplying  the  furnace. 

For  the  last  few  years,  hot  blast  has  been  used,  which 
reduces  faster  and  much  cheaper,  although  the  iron  is  not  of 
such  good  quality. 

The  air  is  forced  through  chambers  or  pipes,  where  it  is 
warmed  to  about  600  °  by  the  wasted  heat  from  the  furnace, 
or  by  a  separate  fire. 

It  is  said  that,  in  Scotland  alone,  two  millions  of  tons  are 
saved  every  year,  by  this  simple  means. 

There  is  another  very  important  advantage  gained  by  the 
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use  of  hot  blast,  whicli  is  that  nrdiiury  coal  may  be  u&eA^  u 
well  as  coke  and  ebarcual. 

About  6000  cubic  feet  of  air  is  forced  into  one  of  these 
furnaces  per  minute,  which  5s  four  times  the  weight  of  ore; 
80  that  the  diftereiice  of  tempenitiiro  h  enormously  favorable 
for  ease,  speed,  and  economy.  j 

As  to  the  quality  of  iron,  it  may  be  more  owing;  to  the  usefl 
of  coal  that  contains  sulphur,  phosphor m^i,  etc.,  instead  of  i 
coke  or  I'hart'ual,  than  to  the  hut  or  cohl  blasts* 

Large  blowing  cylinderr?  are  used  in  England  to  supply  the 
air,  tlie  ^teani  being  soinctiines  applied  at  the  one  end  uf  the 
lever,  whili?t  the  air  cylinder  lii^s  under  the  other  end;  at 
other  times,  the  steam  is  worked  under  a  leaser  radius  than 
the  air  cylinder,  at  the  same  end;  or  immediately  over,  in  a 
direct  manner. 

Powerful  tans  are  sometimes  need,  which  are  driven  by 
belts;  and  on  the  continent  of  Europe,  for  smaller  furnaces^ 
the  French  water- blower,  called  the  *'tronjpe.'*  At  other 
places,  a  pair  of  small  and  very  fast  short-stroke  engines  aro 
directly  attiiched  to  two  cranks  on  the  axle  of  the  fan  itJel£ 

The  size  of  noiszle  depends  on  the  pressure,  as  governed 
hy  the  particuhar  machine  used. 

The  carbonate,  magnetic,  specular,  brown  hematite,  and 
bog  iron  ores,  are  those  used  for  sniehiug  into  metallic  iron, 
whieh  are  variously  fluxed,  according  to  the  nature  and 
quantity  of  the  associated  gangne. 

Nearly  all  of  the  iron  smelted  in  England  is  derived  from 
layers  and  nodules  found  in  the  coal  measures.  It  is  essen- 
tially  carbonate  of  iron ;  but  it  is  more  or  less  mixed  with 
argillaceous  earths  and  clay- 
Crown  hcmatile  stands  next  in  importance,  amongst  the 
English  smelters. 

The  magnetic  iron  ore  is  smelted  in  Russia,  Norway,  and 
Sweden,  and  produces  excellent  iron. 

In  Western  Europe,  the  spathic,  and  in  Prussia,  the  bog 
ores,  are  mostly  reduced. 

In  tlie  United  States  of  America,  the  carbonates  of  the 
coal  measures,  and  all  of  the  other  ores,  abound,  and  are 
therefore  beneticiatt-d  Ibr  metal,  as  either  may  be  circum- 
stantially  advantageous. 
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The  ores  are  broken  to  suitable  size,  and  roasted  in  heaps 
(unless  naturally  free  from  volatile  deleterious  ingredients); 
then  fluxed  and  charged  in  the  smelting  furnace  in  the  fol- 
lowing manner. 

The  furnace  should  be  gradually  dried  and  warmed  by  a 
steadily  increasing  heat,  until  it  becomes  thoroughly  hot, 
which  will  require  at  least  several  days,  to  ensure  safety 
against  the  settling  and  freezing  of  tlie  metal  around  and 
upon  the  bottom  of  the  crucible  part  of  the  furnace. 

In  smelting  the  carbonate  of  iron,  as  mixed  with  argil- 
laceous earths  and  clays,  after  the  furnace  has  been  nearly 
filled  with  either  charcoal,  coal,  or  coke,  and  supplied  with 
full  blast,  1000  pounds  of  ore  may  be  added,  1000  pounds  of 
fuel,  and  200  pounds  of  limestone ;  of  course,  if  the  latter 
is  naturally  present,  it  need  not  be  added.  If  there  is  no 
silica  present,  a  quantity  equal  to  that  of  the  lime  may  be 
advantageously  supplied,  to  form  a  better  slag,  and  lessen  the 
destruction  of  the  furnace. 

These  fluxes  must  be  sometimes  increased  to  as  much  as 
twenty-five  per  cent.,  to  suit  the  more  refractory  varying  ores. 

To  aid  in  the  decomposition  of  the  sulphurous  ores,  and 
replacing  them  into  harmless  forms,  some  smelters  charge 
about  from  one  to  one  and  a  half  per  cent,  of  salt,  which  is 
either  mixed  with  the  ore  itself,  or  blown  in  with  the  blast. 

As  the  contents  of  the  furnace  descend,  other  charges  may 
be  supplied  in  similar  mamer;  and  in  about  from  forty  to 
fiity  hours,  the  first  metal  may  be  tapped  into  suitable  sand 
moulds,  to  form  the  well  known  "pig  iron. 

The  smelting  being  then  continuous,  the  crucible  will  be 
again  and  again  filled  and  emptied  of  its  metal  during  the 
periods  of  from  eight  to  twelve  hours,  in  the  same  manner; 
whilst  the  floating  slag  will  be  as  often  passed  away  over  the 
front  dam-stone,  and  which  may  be  cast  into  moulds  to  form 
large  bricks  for  building  purposes. 

The  best  proofs  of  success  are  fluidity  of  the  metal,  which, 
when  cold,  should  be  of  dark  gray  color,  and  fracturing  with 
difliculty  to  a  coarse  granular  texture*^  being  opposite  to  bad 
metal,  which  flows  sluggishly,  is  brittle,  and  exposes  an 
almost  grainless,  white  fracture. 

The  quality  of  each  is  marked  by  No.  1,  No.  2,  No.  8,  and 
87 
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No.  4  pig  iron,  where  the  first  and  last  represent  the  above 
extremce* 

TbuSj  No.  1  it^  a  fusible  aud  soft,  dark  gray,  coarse  grana 
lar  irofi. 

No.  2  is  of  a  lighter  gray  and  finer  grained  strong  iron. 

No.  3  18  mottled  into  white  net-work  hnes,  hard,  and  mon 
brittle. 

No,  4  is  quite  white,    very  hurd,    and    too    brittle   fofl 
strength, 

Sulpbur  and  phosfdiorus  are  the  most  objectiouable  ing 
dient^,  for  both  render  tbe  iron  brittle. 

Tlie  slag  should  be  of  an  even,  light  color ;  for  if  dark  mi 
heavy,  the  iron  huB  not  been  fully  reduced,  from  irjsufiiciLm| 
coal  and  time  ;  if  streaks  of  a  green  eolur  traverse  the  blaci 
ftilieate  of  iron  has  been  formed,  and  therefore  more  lin 
should  be  added. 


SMELTING   OF  CAST   IKON    IN    SMALL  CCPOLA  FtTRKACKS,  TO   SUPPLl 
THE    VARIOUSLY  SHAPED    CASTINGS    FOR   MLNINO    PUEFOSB^. 

To  provide  for  extreme  cases,  in  distant  sections,  and  t<^ 
replace  tbe  worn  parts,  such  as  shoes  and  dies,  pestles,  hot 
toms,  etc.,  a  small  and  very  plain  cupola  furnace  may  be^ 
made  for  use  on  tlie  mine,  as  follows. 

Build  a  hollow  cylinder,  with  bricks,  about  eight  feet  big 
and  two  and  a  half  feet  internal  diameter,  on  a  three  te 
cube  of  solid  bed-^tone. 

On  the  front  and  at  the  bottom  of  the  cylinder,  an  archt?*! 
opening  of  al>out  ten  inclie.^  should  be  made  therein,  to  fiieiU^ 
tate  the  lining  up  and  cleaiiiug  out  the  furnace.  At  the  back 
side  of  this  cylinder,  and  about  fourteen  inches  from  its 
torn,  a  round  blast-hole  of  five  inches  diameter  must  be  Ills 
lelV,  with  another  similar  iiole  six  inches  above  it. 

This  cupola,  being  now  tightly  lined  with  about  four  inche 
of  fire-resisting  sand  and  clay,  is  ready  for  being  slowly  dried 
and  used  for  the  cq^ting  of  pieces  of  about  1000  poaudft' i 
weight. 

A  common  fan  machine,  of  two  feet  diameter,  may  be  no 
made,  of  wooden  shell,  with  iron  axle  and  blades,  fixed  ju« 
opposite,  and  a  few  feet  back  from,  the  blast-hole,  to 
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worked  by  two  horses,  by  a  small  over-shot,  or  larger  under- 
shot water-wheel,  or  the  steam  engine. 

The  above  named  articles  may  be  east  in  suitable  iron 
moulds  or  "chills."  Skilled  moulders  in  sand  ytiW  be  unneces- 
sary, and  the  smelting  is  not  difficult. 

The  thoroughly  dried  furnace  is  filled  with  charcoal  or 
coke,  and  after  the  front  opening  has  been  stopped  up  with 
fine  sand,  and  secured  by  a  front  plate  of  iron,  excepting  just 
where  the  small  tapping  hole  is  left  therein,  the  full  blast  is 
continued  for  about  an  hour,  and  then  (the  furnace  being  full 
of  fiiel)  a  charge  of  two  hundred  pounds  of  new  and  old  cast 
iron,  broken  into  small  pieces,  is  thrown  on,  and  allowed  to 
warm  and  descend  upon  the  burning  fuel,  until  another  sup- 
ply of  coke  or  charcoal  can  be  made,  and  still  another  charge 
of  iron. 

Thus,  layer  on  layer  is  supplied,  until  sufficient  metal  has 
been  melted  for  the  day's  run. 

As  soon  as  the  molten  metal  runs  freely  through  the  tap- 
hole,  in  white-hot,  molten  state,  this  hole  may  be  closed  by 
a  piece  of  rounded,  moistened  clay,  placed  on  the  end  of  a 
long,  round  pole  that  is  kept  for  that  purpose,  which  effijctu- 
ally  stops  the  metal  and  the  hole,  when  placed  under  the 
pressure,  of  gentle  thrust,  during  a  suitable  twist. 

Care  must  be  taken  that  the  furnace  is  charged  regularly, 
and  that  the  contents  descend  equally,  so  that  chambers  shall 
not  be  formed,  to  occasion  sudden  drops  of  the  cold  upper 
charges  to  the  lower  region  of  the  furnace;  and  also  that  the 
blast-hole  is  clear  and  the  opposing  tire  bright. 

As  soon  as  the  pool  of  metal  appears  at  or  near  the  blast- 
hole,  it  may  be  drawn  oiF  by  a  sharp-pointed  tapping  bar,  in 
kettles,  for  transferrence  into  moulds,  or  it  may  be  conveyed 
directly  into  the  moulds,  by  suitable  sand-lined  launders. 

The  metal  may  be  stopped  oft*,  at  any  moment,  by  the 
judicious  insertion  of  the  clay  "pod  "  or  plug.  Several  spare 
plugs  should  be  kept,  in  case  the  first  fails  to  stop. 

THE  EUROPEAN  OR  "CONTINENTAL"  METHOD  FOR  SMELTING  COPPER 
ORES,    BY   CUPOLA, 

Will  not  be  so  available  for  this  country  as  that  described, 
by  reverberatory  furnace,  called  the  "English  Method;  *'  and 
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as  it  will  be  explained,  m  tar  as  is  necessary,  when  treating 
of  the  extraction  of  silver  from  copper,  etc*,  by  the  Ziervogel 
chemical  metboil,  tho.se  whom  it  may  concern  are  referred 
forward  to  that  eubject,  in  Chapter  V  of  this  Section. 

The  enpola  furnace  shown  %  Cut  57,  at  page  581,  willy  how- 
a^er^  amwer  eery  well  for  the  more  speedt/  mielimff  of  copper  ores 
into  *'^markeiMe  matte^''  where  charcoal  can  be  obtabitd  cheaper 
than  coiil  or  coke. 


BMELTING    OF   THE    OXIDE 


AND   CARBONATE 
FURNACE. 


OF   LEAD   IN  CUPOLA 


It  will  be  frequently  more  advantageous  to  smelt  some  of 
the  lead  ores  in  this  way,  when  worn]  is  plentiful,  than  by  the  fl 
manner  described  at  page  556;  more  particularly  so,  when       > 
good,  economicai,  steady,  and  convenient  water -power  can  be 
obtained  for  blowing  air  to  the  tire  by  fan  machine. 

The  Eshape  of  the  furnace,  position  and  size  of  blast  pipes, 
and  manner  of  charging,  influence  the  results  more  than  is 
generally  imagined;  and  the  following  scaled  and  tigured  cut 
will  probably  afford  as  good  a  general-purpose  cupola  furnace 
as  can  be  made. 

With  such  a  furnace,  we  smelted  ore^  at-.^tna  and  Oreana, 
in  Uumboldt  County,  Nevada,  on  two  diflerent  oceasiouB, 
that  had  resisted  all  other  means;  for,  in  the  former  ca«e, 
five  tons  of  ore  bad  to  be  passed  through  t^r^  make  one  of 
metal:  the  ore  being  associated  with  a  highly  feldspathic 
gangue,  whilst  the  produced  metal  was  of  an  equally  trouble- 
some  alloy,  being  at  least  half  antimony. 

In  the  second  instance  (the  smelter  acting  under  my 
instructions),  three  tons  of  ore,  of  an  equally  stubborn  ooB- 
stitution,  were  required  to  produce  one  ton  of  similar  metah 

The  ores,  however,  should  have  been  hand-picked,  or  in 
some  way  concentrated,  to  render  the  smelting  less  difficult, 
and  more  economical. 

Cut  57  represents  this  cupola  furnace,  as  built  at  the  base 
of  a  hill-side,  with  roadway,  feeding  track,  and  feed-hole,  F, 
which  is  stopped  at  pleasure  by  the  balanced  door,  bo  that 
tlie  heat  may  bo  retained,  and  the  draught  increased  during 
the  intervals  when  the  ore  ia  not  being  charged. 
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area,  to  tlic  rfmud  part,  li  8,  that  then  continues  in  cylindrical 
form  to  tlje  i'ceding  iiolc,  F. 

A  screen  (of  transverse  wroiiglit-iroii  bare)  is  shown  at  D, 
whicl)  was  placed  to  aid  the  workmen  in  charging;  aa  when 
the  mixed  ore  wa^  thrown  againi^t  it,  the  coarse  and  the 
larger  i>art  fell  down  on  tlie  first  or  hack  halt^  whilst  the 
smaller  passed  forward  on  the  comparatively  clean  charcoah 

By  this  simple  device,  the  heated  gases  and  flames  were  fl 
encouraged  to  pass  tliroiigh  the  unchoked  interstices  of  the  ™ 
coarse,  whilst  the  finer  pieces  were  scattered  snfficiently 
throughout  the  living  charcoal  in  front  to  he  promptly  and 
thoroughly  reduced,  without  clogging  the  furnace  in  the 
slightest  degree. 

So,  al^o,  aa  the  charge  descended  from  the  smaller  and 
round  u]»per  whaft,  K  8,  to  the  square  shaft,  S,  it  exposed  mid 
spread  ifs  crescent  wmgs;  and  therefore,  lieing  completely  sur- 
roun<led  in  the  active  comer  ^fires  of  the  square  shaft,  it  waa 
much  more  speedily  reduced  than  would  have  heen  the  ca^e 
if  the  excessive  quantity  of  gaugue  had  been  crowde*l  into  the 
similarly  sized  and  shaped  (all  round,  or  all  square)  furnace. 

W,  is  one  of  the  three  large  and  square  wood  pipes,  which 
arise  from  the  larger  horizontal  main  pipe,  that  lies  buried 
from  the  Bin  hlast  to  these  several  suj^ply  points. 

In  and  tliroiigh  these  vertical  wood  pipes,  the  iron  blast 
pipes^  B  P,  were  closely  fitted  into  the  two  guide  holes  on 
the  back  and  front,  and  wliich  descendetl  just  as  much  m 
shown,  to  serve  the  three  purposes,  of  affording  downward 
pressure  upon  the  slag,  to  aid  in  tbrcing  the  infusible  slags 
through  the  discharge  opening;  to  prevent  the  metaU  when 
at  the  height  of  the  blast  hole,  from  running  back  intx)  the 
blast  pipe;  and  l>y  its  own  weight  in  that  direction,  to  keep 
it  steady  to  its  work,  just  where  placed. 

It  will  he  also  seen  by  the  illustration  of  this  hlast  pipe 
(B  P) — which,  excepting  just  a  small  bar-hole  for  examina- 
tion and  clearance  of  slag,  is  closed  at  the  hack  end — that  it 
is  now  entirely  witluh^awu  fj'oui  the  fnriuiee,  and  that  the 
blast  is  completely  shut  oft*,  aa  the  round  holes  through 
which  the  air  should  pass  are  entirely  without  the  vertical 
supply  {jipe,  W.  This  economizes  air,  and  therefore  the 
engine  will^  by  traveling  faster  whilst  the  one  blast^hole  k 
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being  cleared,  force  more  air  into  the  furnace  through  the 
others.  It  need  not  be  withdrawn  for  ordinary  clearance,  as 
a  bar  may  be  passed  in  through  the  plug-hole  (now  stopped 
by  the  plug,  P),  for  this  purpose ;  for  more  extensive  clearance, 
it  can  be  partially  withdrawn,  to  keep  the  blast  still  on;  and 
when  more  room  is  required  for  working  large  bars,  it  can  be 
drawn  still  further  back,  to  shut  the  blast  off  entirely. 

Having  built  the  furnace  and  appurtenances  in  the  manner 
described,  place  in  its  bottom  some  dry  sticks  of  wood,  and 
fill  it  to  mid-height  with  larger  pieces. 

Kindle,  and  allow  it  to  burn  as  slowly  as  possible  (by  cov- 
ering the  furnace  over,  and  stopping  the  openings,  after  the 
manner  of  making  charcoal,  to  prevent  the  current  of  air 
that  would  otherwise  consume  the  wood),  for  twenty-four 
hours;  after  which,  fill,  and  keep  it  full,  with  charcoal,  and 
allow  it  to  bum  for  eighteen  liours,  with  a  throttled  natural 
draught;  then  for  six  hours  under  a  moderate  blast,  until 
you  are  sure  that  the  furnace  has  been  thoroughly  heated 
throughout,  and  tliat  the  bottom  will  not  have  a  chilling 
effect  on  the  molten  metal  and  slag. 

Next,  being  sure  that,  the  furnace  is  quite  full  of  living 
charcoal  fire^  charge  full  charges — not  j)iri  chivfjcs — of  min- 
eral and  fluxes,  as  follows.  Regarding  flux,  we  will  consider 
carbonate  of  lime,  of  good  quality,  which  should  effervesce 
strongly,  and  dissolve  almost  entirely  in  the  strong  acids,  to 
be  your  most  reliable  help  in  smelting  ores.  I  am  not  so  sure 
of  the  equal  qualities  of  tufta,  which  is  plentiful  in  Nevada, 
and  composed  of  chloride  of  sodium,  several  carbonates, 
including  carbonate  of  soda:  the  chloride  of  sodium  is  ser- 
viceable, but  car])onate  of  soda  is  in  two  respects  so  deleteri- 
ous, that  it  should  be  used  with  much  watchfulness,  fear  and 
trembling ;  for,  firstly,  it  renders  quartz  very  fusible,  and 
would  disintegrate  any  fire-rock  that  cont^iined  quartz,  and 
thus  waste  the  furnace  to  an  unworkable  shape,  in  a  short 
time;  and,  secondly,  it  has  the  power  of  reducing  lead  to 
comparative  purity,  when  mixed  with  antimony,  the  latter 
passing  away  as  sulphide,  into  a  clogging,  waxy  slag,  and 
oxide  of  antimony;  thus,  the  antimony  that  would  otherwise 
alloy  with  the  lead,  and  increase  the  quantity  of  metal  ton- 
nage, is  wasted. 
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I  therefore  ailvise  you  to  rely  on  wliite  marble,  calc  spar. 
or  blue  liriiestoiie ;  and  do  not  fail  to  test  it  by  acid  for  efler- 
veseence  and  almost  complete  solution. 

Break  the  ore  into  pieces  of  the  size  of  chestnuts,  and 
throw  away  all  hard  and  tight  pieces,  and  retain  such  a*« 
contain  nothing  but  lead  or  iron  ores. 

Break  the  carbonate  of  lime  into  pieces  no  larger  than 
beans. 

Select  the  most  fusible  and  brittle  slag,  which  break  to  the 
size  of  chestnuts,    and   such    metallic  lumps   from  former] 
smelting  as  will  cut  softly  with  a  knife,  and  tliat  look  metid- 
lic;   and  east  away  forever  tlie  hard  and  tough,  blue  kinds, 
which  will  not  cut  freely  with  the  knife. 

You  may  charge  charcoal  until  the  furnace  is  full,  but  never 
less  than  two  hush  els  (Ibity  pounds);  then  a  half-shovelful  of 
good  slag,  against  the  nearest,  or  back  side,  of  the  furaace^  1 
by  a  judicious  turn  of  the  shovel;  next  a  shovelful  of  marbleJ 
scattered  overall  the  furnace,  as  a  corresponding  layer  under 
the   mineral   to   be  smelted;    then  live   shovelfuls   (eighty 
pounds  of  the  ore),  which  must  be  thrown  against  the  screen] 
of  transverse  bars  in  such  a  manner  that  the  coarse  shall 
rebound  and  scatter  over  the  nearer  half  of  the  furnace,  and  j 
the  smaller  pass  through  and  be  distributed  over  tbe  farther  j 
half 

Til©  charging  may  be  varied  in  this  respect  acconling  t*^ , 
the  working  of  the  furnace,  which  must  be  closely  watched; 
when  working  /Vct^/i/,  a  shovelful  more  may  be  thrown  over  | 
the  screen,  and  four  against  it  at  the  back  side. 

These  separate  piles  of  charcoal,  slag,  marble,  and  ores, 
•  should  be  conveniently  arranged  from  the  left  to  the  right- 
hand  side  of  your  cliarging  stage — at  least  the  slag,  marble, 
and  ores;  in  such  a  way,  no  mistake  in  charging  can  arige, 
without  gross  indifference;  nor  errors  from  improper  or  une- 
qual mixture  of  tJiese  fluxctt  in  the  large  heap;  it  is,  more- 
over, the  easier  and  cheaper  way  for  supplying  the  material. 
and  works  better  in  smelting. 

After  charging,  the  balanced  sliding  door  should  be 
closed,  to  secure  the  heat  and  increase  the  upward  current 
of  air,  by  this  additional  chimney. 

Close  watch  should  be  made,  through  a  hole  in  the  doorj 
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that  the  charge  shall  not  jam  in  the  furnace,  and  by  proving, 
by  a  curved  bar,  that  the  last  charge  has  properly  descended 
before  another  is  supplied ;  as,  otherwise,  the  furnace  would 
be  sure  to  cool  and  clog,  as  the  cold  charge  would  fall 
down  close  over  the  blast,  and  solidify  accordingly;  as  the 
excess  of  cold  air,  in  a  too  shallow  fire,  would  chill,  instead 
of  fuse,  the  agglutinated  mass. 

As  the  smelting  proceeds,  the  fused  mass  of  ore  will 
descend  towards  the  bottom,  and  at  or  about  a  foot  above 
the  blast-holes  the  metal  will  be  fully  reduced,  and  fall  to  the 
bottom  of  the  crucible ;  whilst  the  lighter  slag  will  follow  in 
a  continuous  stream,  near  to  and  beside  the  back  wall,  and 
on  to  the  suitably  curved  bottom,  to  be  urged  by  its  own 
following  weight,  and  gradually  turned  towards  the  front 
outlet,  to  flow  by  way  of  the  lip,  L,  into  the  slag  car,  S  0,  for 
more  easy  conveyance  to  the  waste  heap. 

The  slag  should  flow  freely,  in  almost  continual  liquid 
streams,  from  the  furnace;  have  glass-like  characteristics, 
but  must  not  contain  any  shot-like  globules  of  metal,  nor 
highly  metalliferous  compounds.  Its  specific  gravity  may  be 
occasionally  tested,  approximately  near  by  the  hand  of  the 
experienced,  but  better  by  an  actual  test;  and  assays  may  be 
made  for  the  purpose  of  testing  the  percentage  of  the  thus 
enclosed  escaping  metal. 

In  addition  to  the  foregoing  precautions  for  favoring  the 
smelting  of  refractory  ores,  that  contain  much  infusible 
gangue,  it  is  highly  important  that  the  nozzles  be  kept  clear, 
that  the  blast  pipes  be  large — not  less  than  three  inches  in 
diameter — and  that  the  bottom  of  the  blast  pipes  shall  be  at 
some  five  or  six  inches  higher  level  than  this  slag  outlet;  so 
that  the  slag  shall  be  forced,  by  actual  pressure^  through  the 
opening,  when  not  sufficiently  disposed  to  depart  under  more 
perfect  fluidity.  As  soon  as  the  metal  fills  the  crucible — 
which  may  be  seen  at  the  lip,  by  removing  the  slag — it 
should  be  tapped  oft*  into  a  sand-lined  crucible,  that  lies 
beyond  the  slag  opening,  on  the  other  side  of  the  furnace, 
and  be  dipped  from  thence  into  moulds,  for  further  treatment 
by  calcination,  for  the  sublimation  of  antimony;  or  for  the 
oxidation  of  the  lead,  and  extraction  of  pure  silver,  by 
processes  that  will  be  soon  described. 


586 


THB    explorers',   MINERS*   A^D 


The  aliove  treatments  apply  more  directly  for  the  oxidil' 
and  carbonates  of  lead,  both  when  alone,  or  associated  with 
antimony.  ] 

The  following  receipts  and  analysis  may  be  serviceable. 

ii.  »D|.y  bricks'  of  superior  quality  are  now  made  in  Eng- 
land, of  improved  material,  and  by  a  process  said  to  possess 
important  adv^antages  over  others  now  in  use.  These  bricks 
are  eomiiosed  of  one  part  of  lime  to  eight  or  ten  parts  of  | 
sand  or  burnt  clay,  and  tliey  are  found  to  be  ready  tor  ase 
about  ten  days  after  pressing,  without  being  burned.  It  is 
fbuiul  that  they  do  not  swell,  as  is  ordinarily  the  case  from 
the  slaking  tendency  of  lime  when  not  made  according  to 
tills  method.  In  the  manufacttire  of  mortar  for  brick-laying, 
it  is  also  found  that  great  strength  and  ser\^ee  result  from^ 
the  following  proportions  of  ingredients:  water,  half  a  paiU™ 
and  four  pounds  of  plaster  of  Paris;  these  are  mixed^  and 
then  there  are  added»  in  the  pan  of  the  edge  runner^  two  or 
three  pails  of  water^  a  bushel  of  lime,  and  six  busbela  of 
8an«h  the  whole  being  ground  together  for  ten  minutes.  For 
a  jKjwertiil  mortar  for  pointing,  water^  plaster,  and  lime  as 
before,  with  two  part^  chalk,  slaked  lime,  or  whiting,  and 
two  part8  of  sand.  For  a  coarse  stutf  for  ptu&teritig,  Ike 
game  ingredients  as  for  mortar,  but  coai^er  sand,  and  ooljr 
five  minutes'  grinding.  For  fine  stuti'  for  plastering,  water, 
plaster,  and  lime  as  before,  a  bushel  and  a  half  of  chalky 
two  bushels  of  fine  mashed  sand.  For  rongh  stucecs 
same  as  for  mortar,  with  four  bushels  only  of  sand*  Plait0^ 
ing  oa  walls  can  be  done  by  this  process  as  two^c<mt  wof^ 
while  ceilings  can  be  floated  immediately  after  the  applica- 
tion of  the  first  coat,  and  set  in  forty  eight  boars.  Th« 
thorough  adaptability  of  this  material  for  the  purposes  mraied 
is  said  to  be  remarkable;  and,  in  r^ard  to  the  cemsota^ tituBf 
are  very  quick  setting,  and  produce  a  very  hatd  and  finelj 
finished  snrfiice.'* 

▲  good  fire-€loiie  may  be  made  fiom  an  artifietal  muditre 
of  one  pait  of  clay  and  abont  two  and  a  half  parts  of  qoartx 
iand.  which  may  be  moulded  to  any  desuiod  shape,  or  est 
afterwards. 

A  still  Iketter  and  more  enduring  stone  may  be  madte  bj 
mixing  one  part  of  rnw  day  with  two  pMta  of  bomt  clav  and 
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one  and  a  half  of  graphite;  then  moulding  into  suitable 

shapes. 

A  sample  of  Stourbridge  clay,   analyzed   by  Berthier, 

yielded  as  follows. 

Combined  water : 10.3 

Silica 63.7 

Alumina 20.7 

Oxide  of  iron 4.4 

SMELTING  OF  THE  SULPHURET  OF  LEAD  IN  CUPOLA  FURNACE,  WITH 

SCRAP   IRON. 

Add  ten  pounds  of  cast  iron  to  the  charge,  as  given  in  the 
last  example,  for  the  carbonate  and  oxide,  and  proceed  to 
smelt  as  there  directed. 

See  the  "Re-actions  of  Iron  with  Galena,"  at  page  557. 

SMELTING  THE  ROASTED  SULPHURET  OP  LEAD  IN  CUPOLA  FURNACE. 

1.  Roast  the  pulverized  ore  in  the  reverberatory  furnace, 
with  a  gradually  increasing  and  moderate  maximum  heat, 
under  continual  stirring.  Then  close  the  doors  of  the  fur- 
nace, and  increase  the  heat  so  as  to  fuse  a  portion  of  the 
mass  into  silicates  of  lead,  lime,  etc.,  which,  with  the  remain- 
ing sulphide,  the  sulphate,  and  oxide,  may  be  then  with- 
drawn and  broken  in  suitable  pieces  for  smelting  in  cupola. 

2.  Roast  in  large  (fifty  tons),  coarse  stone  heaps,  laid  over 
a  bottom  of  wood  logs,  which  are  kindled  from  the  centre,  to 
first  ascend  a  central  chimney,  that  it  may  ignite  and  roast 
the  whole  mass,  which  is  surrounded  and  covered  with  previ- 
ously roasted  fine  ore,  to  retain  and  direct  the  heat  for  ascen- 
sion through  the  whole  heap.  Concave  dishes  may  be  placed 
on  the  top,  to  collect  the  volatilized  sulphur  as  it  condenses 
therein. 

This  burning  generally  lasts  for  some  eighteen  or  twenty 
weeks,  and  is  much  facilitated  when  sulphuret  of  iron  is  also 
present  in  quantity. 

The  ores  which  have  been  roasted  by  either  of  these  means 
may  be  broken  to  the  size  of  hazel-nuts,  and  smelted  in  the 
cupola  furnace,  as  by  the  last  two  manipulations,  but  in 
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charges  composed  of  two  liuiidred  pouudrt  of  roasted 
sixty  pounds  of  very  eilicecnis  slags,  and  if  you  have  thcr 
three  pounds  of  the  oxide  of  lead,  or  the  calcareous  fragmeuti 
of  old  cupel  bottouiB,  whieh  contain  it. 

The  foregoing  relative  quantities  of  ore  and  fluxes  should  1 
considered  to  apply  but  in  a  general  way,  and  therefore  thej^ 
must  be  made  to  vary  for  different  proportionate  oiixtur 
and  eonstitational  forms  of  ininerala  and  matrices,  as  ascep 
taincd  by  analysis  and  forethought,  or  by  varied  suhgequeuli 
trials. 

Hot  blast  will  be  found  superlatively  effective  for  either  < 
these  means,  and  may  be  obtained  by  utilizing  the  departir 
heat  fixini  tlie  furnace,  aB  for  iron  smelting,  and  as  the  fume 
of  oxide  should  be  caught,  it  may  be  simultaneously  aecomi 
pliahed. 

The  tuyers  may  be  also  surrounded  with  water,  to  render 
them  more  enduring, 

Skould  t/ou  irquire  (o  coiisidt  others  in  (he  matters  of  treatment^ 
the  average  should  be  prepareil  ivith  great  mref illness  from  lar^ 
dssortmmts,  dminisked  in  the  si/stenudic  manner  described  in 
chapter  for  the  ^^Preparation  of  Average  Sample,*'  at  page  119, 


THE    MOST    READY    EXTEMPORE    MEANS    FOR    SMELTING    SMALLl 
QUANTITIES    OF   THE    CLOSELY    CONCENTRATED    LEAD    ORBS, 

Are  the  Scotch  and  the  American  hearths. 

The  Scotch  hearth  is  a  very  short  and  small  cupola  fumae€ 
which  is  supplied  with  a  strong  blast  from  the  back,  as  the 
others.  The  sliort  shaft  of  the  furnace  is  fii^t  tilled  with 
peat,  and  ignited;  on  this  is  tlirown  a  few  shovelfuls  of  coal, 
and  when  the  blast  has  produced  suiKeient  general  heat 
some  of  the  ore  or  its  matte  is  thrown  on,  and  smelted  dowi 
into  the  bottom »  This  slag  is  then  taken  out  oo  an  exteric 
front  stone,  that  slopes  towards  and  over  an  iron  basin,  an^ 
thoroughly  rolled  or  kneaded,  the  ligliter  poition  is  throw 
awa}^  %Ybiist  the  heavy  is  returned  to  the  furnace  for  repeti 
tion  with  tlie  next  charge,  and  so  repeated  until  its  lead 
reduced  to  tall  into  the  iron  kettle  that  lies  under  the  out 
kneading  stone. 

A  good  worker  can  smelt  about  three  tons  of  metal  pe 
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day,  in  such  a  furnace;  but,  as  it  is  expensive  in  fuel,  and 
requires  considerable  labor  and  skill,  an  illustration  will  be  of 
no  value,  for  any  one  of  the  larger  methods  are  preferable. 

The  American  hearth  is  also  a  short  cupola,  blast  furnace, 
diftering  from  the  Scotch  in  having  an  easy  and  effectual 
means  for  warming  the  blast. 

The  blast  enters  at  the  one  side,  near  the  front  of  the  fur- 
nace, and  after  passing  through  a  chamber  around  the  back 
of  the  hot  furnace,  it  passes  out  through  the  other  side,  and 
then  right  into  the  furnace  through  the  blast  pipe  at  the 
back,  in  the  usual  manner. 

It  may  be  made  of  cast  iron,  and  so  far  as  the  hot  blast  is 
concerned,  it  may  be  regarded  as  an  improvement  upon  the 
Scotch  hearth. 

CALCINATION  OP  IMPURE  LEAD,  TO  RID  IT  FROM  MORE  VOLATILE 
METALS,  MECHANICAL  DROSS,  ETC.,  TO  OBTAIN  MORE  MAR- 
KETABLE lead;   or  for  the   subsequent  extraction  of 

SILVER  BY  CUPELLATION;    BY  THE   PATTINSON,   OR  THE   ZINC 
PROCESSES. 

The  various  alloys  of  lead  with  antimony,  zinc,  etc.,  etc., 
may  be  readily  calcined  in  a  furnace  similar  to  Cut  45,  page 
498 ;  and  the  objectionable,  more  volatile  metals  be  removed 
by  volatilization  and  oxidation,  into  a  dross  that  can  be 
removed  from  the  surface  by  a  rake. 

For  this  purpose,  a  cast-iron,  flat-bottomed  pan  will  be 
necessary,  of  about  from  eight  to  ten  feet  long,  by  five  feet  wide 
and  nine  inches  deep,  which  should  lie  evenly  over  the  whole 
hearth,  on  a  bottom  of  sand.  Although  it  is  advisable  to 
have  this  pan  as  large  as  possible,  because  of  the  greater 
quantity  that  can  be  treated  by  the  fuel,  this  size  should  not 
be  exceeded,  for  they  are  then  likely  to  fracture  from  unequal 
contraction. 

For  this  safety,  soft  iron  should  be  also  used  by  the  founder, 
the  mould  should  be  inclined,  and  the  metal  be  poured 
therein  from  the  lower  end,  to  flow  through  the  uppeJr 
"gate,"  or  "runner- way,**  for  some  time  after  the  mould  is 
full,  that  the  scoriee  may  pass  out,  to  leave  solid  metal 
behind. 

The  top  of  the  fire-bridge  should  be  about  six  inches  above 
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tlie  top  of  the  pan,  and  tlio  roof  of  tlio  furnace  may  be  frum 
ten  to  twelve  inches  ahove  tlie  pan,  no  that  the  oxygen  of  the 
beatetl  air  may  pass  immediately  over  the  molteu  luetah 

The  charge  may  be  from  six  to  eight  tons,  and  the  time 
requiixnl  will,  of  course,  rary  from  ton  to  thirty  hours,  aecnpj- 
ing  tn  the  kind  and  qnantity  of  impurity  that  h  mixed  there- 
with.    The  ap))earanoe  of  the  droga,  as  it  is  scraped  oft'  irota 
the  hot  hath,  will  give  yoo  notice  when  fhe  lead  is  approaol 
ing  to  purity,  wlien  samples  of  metal  may  h©  drawn  an 
bruised  to  a  very  tliin  disk,  to  test  it  fully  as  to  its  peeulia 
tenacity  and  freedom  from  cracks. 

It  may  now  Ije  tapjjed  oft'  into  a  largo  kettle,  and  ladleif* 
into  moulds,   for  convenient   ingots  fur  market   or  further 
treatment  for  sih^er.     Sometimes  this  kettle  has  a  iiiH3  nTid€^| 
it,  so  that  the  metal  v:\n  Ix;  previously  melted,  and  ladled^ 
into  the  large  furnace,  for  immediate  calcination. 

The  oxidized  metals  may  be  caught  in  large  chamber  ii 
the  flue,  or  in  the  bill-side  chimney,  as  previously  described*  I 
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CUPELLATION    OF  AIltiENTlFEEOUS   OE   AUEIFERDCS    LEAD, 

There  is  but  little  difterenco  in  tlie  tirst  principles  of  cupel 
lation  by  any  method  that  has  been  devised  since  Scriptur 
times;  for  it  is  still  accomplished  on  some  porous  hearth, 
wood,  lione  ash,  marl,  etc.;  so  that  a  jjart  of  tlie  base  oxick 
shall  enter  therein  in  tluid  state,  whilst  the  remainder  is  vol- 
atilized as  dry  oxide,  to  pass  off  by  way  of  the  chimney. 

There  arc,  however,  inifioitant  difterences  in  manner 
oxidation,  which  are  derived  frnm  mechanical  facilities;  and 
perhaps,  for  this  end»  the  English  method  will  be  found 
e rally  preferable,  as  the  triiling  extra  cost  is  moi^  than  con 
pcnsated  for  by  greiiter  comfort  and  safety  in  use. 

Cut  58  represents  the  section  and  plan  of  the  furnace 
where  A  is  the  ash-pit,  F  the  fire,  C  H  the  cupel  hoartli^ 
its  suitporting  wagon,  B  the  blast  hole,  D  the  discharge 
FF  the  flues,  and  S  the  smoke-stack,  which  should  be  madaj 
of  but  moderate  height^  as  the  heat  must  not  be  too  gi-eat,  no 
the  draught  so  strong  as  to  prevent  the  eftectual  transverael 
play  of  the  especial  oxidizing  blast. 

The  carriage  is  made  for  the  direct  purpose  of  supportiug 
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and  placing  the  cupel  hearth  in  position^  end  removing  it 
when  necessary,  for  a  new  one.  The  Inearth  shonld  be  either 
fixed  on  ceutral  trnnniona,  or  on  t^erews,  that  it  may  lie  tipped 
towards  the  dieehjirge  when  it  will  he  found  neceaeary. 

It  will  he  seen  hy  Cut  59  that  thi^  cupel  frame  is  merely 
an  elliptical  nttg  of  angle  in>n,  crossed  by  hars  of  iron,  which 
serve  to  sustain  the  bone  aah  that  forms  the  hearth. 

The  nioet  convenient  and  gene  rally  used  asb  ie  made  from 
bones,  which  are  tirst  slowly  burned  hi  a  suitable  kihi,  until 
all  volatile  and  carbonaceous  matters  have  been  passed  away; 
then  they  are  pulverized  in  dry  condition,  and  paswed  through 
a  wire  sieve  of  about  twenty  holes  to  the  inch. 


It  is  impera- 
tively necessary 
that  dry  crush- 
ing be  used,  mj 
as  to  keep  the 
,  edges  I'agged 
and  tooth -like, 
that  the  ash  may 
lock  togetlier 
more  ettectu- 
ally. 

Sufficient  wa- 
ter may  now  be 
added,  in  which 
a  very  little  car- 
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bonate  of  pot- 
ash 18  dissolved, 
■so  that  the  ush 
can  be  made  to 
jam  together 
under  a  suitably 
shaped  wooden 
beater,  and  be 
abo  smoothed 
by  a  trowel,  to 
fonii  the  con- 
cavity for  the 
metal 

Theaeh  is  too 
moist  %vhen  the 


water  is  made  to  appear  on  the  surface  after  this  beating,  and 


too  dry  when  it  will  not  hnhl  together. 


Being  thus  formed  to 
ehape,  it  should  be  slow- 
ly dried;  and  to  facili- 
tate   this  end,   two  or  "[| 
three  frames  should  be 


Cut  50. 


crane  to  hoist  the  Bnish- 
od  supports  to  or  from 
their  drying  places. 

It  will  be  much  more 
convenient  to  have  two 
carrtaqcs,  and  two  espe- 


provided,  and  a  suitalde 
cial  drifintj  stoves  (like  those  used  by  iron  founders  for  dry  in, 
001*65),  so  that  the  one  carriage  and  hearth  can  be  removed 
either  in  or  out  from  one  or  the  other  stove,  as  required 
the  one  being  thus  dried  whilst  the  other  is  in  use. 

The  railway  must,  of  course,  pass  under  the  furnace,  in  a 
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straight  line  frotn  the  one  drying  [.ilace  to  the  other,  so  ttrat 
each,  having  its  own  carriage,  will  provide  a  new  cupel 
immediately  the  other  is  withdrawn. 

To  perform  the  process  of  ciipellation,  the  hearth  is  first 
warmed  t^lowly  to  redness;  then  the  metal,  whieh  slioohl  be 
first  melted  in  an  outeide  kettle  by  another  tire,  is  introduced 
through  the  appropriate  charging  hole,  C,  and  when  it 
becomes  of  a  clear  molten  state,  and  nearly  fills  tlie  cupel, 
the  side  blast  ia  played  thereon,  whieh  iramediately  oxidizes 
the  surface  of  the  pool,  and  passes  weaves  of  the  fluid  o3dde 
before  the  blast,  towards  and  over  the  discharge  lip,  to  fell 
into  the  nnderlyiug  vessel,  V. 

This  discharge  of  oxide  is  regulated  hj  charging  more 
metal,  and  tipping  the  cupel  by  appropriately  fixed  w^edges^ 
racks,  (IF  screws,  but  better  by  a  wonn  motion  applied 
at  its  side,  to  move  it  at  pleasure,  on  central  pivota 
or  trunnions,  like  the  motion  of  a  heavy  gun,  or  a  crane 
kettle. 

Moderately  rich  and  rich  bullion,  from  §400  upwards,  ia 
best  adapted  for  this  mode  of  refining;  whilst  the  very  base 
bullion  may  be  beneficiated  more  economicolly  and  effectu- 
ally by  cither  tlie  zinc  or  the  Pattinson  process. 

When  sufiicient  metal  lias  been  addeil,  and  the  cupellation 
has  been  carried  sufficiently  far  to  enrich  the  remainder  to 
sonxe  $4000  per  ton,  it  is  run  into  iugot  moulds,  for  further 
treatment 

A  new  cupel  is  run  into  the  furnace,  when,  after  it  is  slowly 
heated  to  redness,  about  live  hundred  pounds  of  the  richS 
ingots  are  melted  in  the  outside  kettle,  and  charged  thereon-  ^ 
a  strong  blast  is  ajiplied,  when,  the  cupel  being  inclinetl,  u 
copious  stream  of  litharge  passes  over  the  lip;  more  of  tha 
rich  lead  is  added,  until  some  five  hundred  pounds  of  silver 
are  known  to  be  contained  in  the  alloy,  when  the  whole  is 
allowed  to  purity  without  further  addition;  towards  the  eod 
of  this  stage,  peculiar  and  beautiful  rainbow  colors  will  play 
over  the  sm^face  of  the  metallic  bath,  as  the  last  base  oxide 
passes  away,  until  the  universal  silver  surface  appears,  of 
mirror-like  lustre^  wdien  the  blast  must  be  stopped,  and  the 
fi.re  subdued,  so  that  the  silver  shall  cool  slowly,  to  prevent 
loss  by  spurting,  caused  by  its  departing  oxygen* 
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It  may  be  now  completely  refined  on  a  clean  cupel,  or  in 
plumbago  crucibles. 

The  last  oxide  (litharge),  as  it  grows  richer  towards  the 
end,  is  again  reduced,  and  re-cupelled  for  its  silver. 

When  silver  and  gold  are  both  present  in  profitable  quan- 
tities, cupellation  will,  of  course,  obtain  both,  and  it  is  there- 
fore the  best  mode  of  extraction. 

Other  methods  are  used  on  the  large  scale,  for  rich  lead, 
similar  to  those  miniature  modes  described  under  the  sub- 
heading for  cupelling  and  refining  gold  and  silver,  in  Chapter 
VII,  on  assaying,  at  page  214;  and  the  following  means  have 
been  generally  adopted  on  the  continent  of  Europe. 

"  REFINING    SILVER    UPON    POROUS    HEARTHS. 

"  Silver  may  he  refined  in  a  movable  hearth,  and  in  a  fui-nace  similar  to  that 
employeii  in  tlie  English  cupellation,  hut  smaller,  and  containing  no  apparatus 
for  throwing  air  upon  the  lused  metal,  or  in  a  furnace  with  fixed  hearth  and 
movable  vault ;  or  beneath  a  inu(He.  The  first  named  plan  is  in  use  in  England 
and  in  various  parts  of  the  continent;  the  second  is  adopted  in  different  parts 
of  Germany  ;  and  the  last  named  is  especially  employed  for  treating  the  silver 
produced  in  the  Upper  llartz,  where  about  21,000  pounds  are  annually  refined. 

"The  silver  from  the  various  royal  furnaces  is  collected  at  the  old  mint  at 
Clausthal,  and  there  refined  ;  six  days  in  the  month  being  set  apart  for  that 
purpose. 

•'  The  tests,  or  small  hearths  upon  which  the  fusion  is  performed,  are  prepared 
by  heaping  leached  wood-ashes  into  an  iron  form,  then  cutting  a  hollow  in  the 
mass  about  one  foot  in  diameter,  and  three  to  four  inches  deep.  These  are 
properly  dried,  and  when  about  to  be  used,  are  set  in  a  furnace  consisting  of  a 
bench  of  mason-work,  with  side  walls  to  retain  the  fuel  that  is  pi'ed  upon  it. 
A  fire-clay  muffle  is  placed  over  this  tc-'<t  or  cupel,  anc^  so  arranged  that  the 
attendant  may  have  access  to  the  interior,  and  a  stream  of  air  may  pass  over 
the  surface  of  the  test.  A  strong  fire  of  charcoal  is  now  made  around  the 
exterior  surface  of  this  muffle,  and  the  whole  apparatus  soon  brought  to  a  high 
boat.  The  silver,  as  it  comes  from  the  furnaces,  is  broken  into  fragments,  and 
placed  in  the  crucible  to  the  amount  of  forty  to  fifty  pounds,  the  door  of  the 
muffle  closed,  and  the  metal  allowed  to  fuse,  which  requires  two  hours.  The 
door  is  now  opened,  and  the  metal  stirred  with  an  iron  bar,  and  thus  subjected 
in  all  its  parts  to  the  oxidizing  influence  of  the  air.  This  stirring  is  repeated 
several  times  during  a  perio<l  of  two  hours,  at  the  end  of  which  time,  the  refin- 
ing is  Qsually  concluded. 

"  The  surface  of  the  metal  is  at  first  quite  dull,  from  the  oxides  (chiefiy  that 
of  lead)  which  swim  upon  it;  but  these  are  gradually  cleared  away  and 
absorbed  by  the  porous  ash  of  the  cupel,  and  at  length  the  surface  assumes  a 
mirror-like  brilliancy.  The  proper  degree  of  finencs^s  having  been  reached,  the 
silver  is  allowed  to  cool  gradually,  and  when  almost  hardened,  the  surface  is 
kept  open  by  stirring,  that  loss  by  the  violent  escape  of  gas  may  not  take  place. 
Water  is  now  thrown  upon  it,  and  after  becoming  <juiie  solid,  the  mass  is  taken 
ojt  of  the  muffle,  hammered  into  a  convenient  shape  upon  an  anvil,  the  parti- 
cles of  impurities  adhering  to  it  cleaned  away,  and  it  is  then  ready  to  be  trans- 
ported to  the  mint. 

"The  silver  thus  obtained  is  nearly  pure,  being  .9048  to  .9905  fine.  During 
the  five  years  between  1854-')  and  18r)ti-0,  94.4u8  pounds  of  fine  silver  were 
produced  from  101.539  pounds  of  silver  of  cupellaiion,  indicating  a  loss  of  7.05 
per  cent,  in  the  process  of  refining.  The  cost  of  accomplishing  this  operation 
is  about  2\  d.  per  pound. 

38 
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'*At  Freiberg,   in  Saxony,  where  the  jearly  production  of  silver  is  uhvMi 
tJa^OOO  pounds,  the  refining  is  performed  in  reverbemtory  furnncca, 

"The  henrth  is  rande  of  rniirl,  nnd  is  large  enough  to  hold  10  ewt.  At  « ttute. 
fhe  vault  above  i?  made  movable,  bo  that  the  workmen  maj  haye  every  op] 
Dnity  of  itijiking  the  heurlh  perfect. 

"The  nmss  of  the  hearth  being  well  dried,  the  Above  menliotied  amouDl 
silver  is  charf^ed,  and  a  good  coal  fire  kept  up  for  two  or  three  hoon,  at  the  cd! 
of  which  period,  the  silver  is  fonud  rn^ed. 

^'  A  eurrent  of  air  ig  now  directed  upon  it,  which  seta  it  in  motion^  ftn4 
cipoees  all  parts  to  an  oxidizing  infinence  ;  the  impuriticE,  which  consist  chiefly 
of  lead,  are  llm?  fused,  and  abgorbed  by  the  poroiia  henrth.  Assays  arc  taka 
from  time  to  time,  and  when  the  silver  shows  a  s^ilky  lustre  Jiud  fine  teititre, 
which  usually  occurs  in  one  and  a  half  to  two  hours,  it  h  '[uiekly  taken  out  (if 
the  Turnace  by  rneans  of  iron  ladles^  ^Qd  poured  into  iron  moulds.  The  ingotJ 
thus  formed,  which  weigh  about  eighteen  pounds,  are  taken  to  ibe  Sftxoa 
mint/-— Z>r.  R.  II.  Lambom. 
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PARKES     ZINC    PROCESS,    FOR    EXTRACTING    SILVER. 

This  process  is  based  on  tlie  fact  tliat  when  a  hot  molt<^n 
nlloy  of  silver  antl  lead  has  zinc  adiled  thereto,  the  silver, 
having  a  greater  affinity  or  preference  for  the  zinc,  will  leave 
the  lead  to  astiociate  therewith,  when  they  can  be  separateJ 
by  simple  skimming,  and  subsequent  parting  of  the  silver 
from  the  comparatively  small  quantity  of  zinc. 

It  may  be  best  explained  by  dividing  it  into  five  stages^  m 
follows.  H 

1.  Abont  five  or  six  tons  of  lead,  of  low  per  thousandths^ 
of  silver,  is  first  melted  in  an  iron  pot,  by  an  underlying  fire» 
the  heat  from  which  is  largely  distributed  around  its  surface, 
by  suitably  arranged  ihies.  To  thin  you  rnay  add  one  per 
cent,  of  melted  zinc,  and  after  stirring  industriously  for  two 
hours,  subdue  the  fire,  so  that  the  luolten  met^il  may  tbmitbo^ 
argentiferous  zinc  crust  upon  its  surface.  " 

2.  This  crust  must  then  be  removed  with  a  ladle  (so  ptr- 
fnrateil  that  the  lead  may  be  drained  through,  whilst  tli€ 
crust  remains  on  top),  for  the  extraction  of  the  silver  which  it 
contains.     The  remaining  desilverized  lead  may  be  nowalsoj 
purified  from  any  little  zinc,  etc.,  by  calcination  in  reverbe 
atory  furnace,  in  the  manner  already  described, 

3.  These  zinc  skimmings  should  be  heated  in  diagonal^ 
retorts,  to  release  the  lead  (which  generally  contains  from 
$800  to  $1200  per  ton  of  silver),  and  must  be  cupelled  after 
methods  described. 

4.  That  remaining  in  the  retort  may  be  further  prepared 
and  beneficiated  by  the  method  for  the  distillation  of  zinc- 
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5.  The  resultnnt  sponge  of  alloy,  wliicli  eontfiins  most  of 
the  silver,  with  other  metals,  may  be  mixed  with  but  Just 
sufficient  lead,  and  capelfed  for  its  silver. 

The  I0S.S  of  knid  is  very  little  (from  one  to  one  and  a  half 
per  cent,),  the  prot^ess  is  simple,  and  very  available  for  rnetul 
which  eootaius  less  than  $20  per  ton* 


fPATTINSON  S  CRYSTALLIZATION  P110CE8S,  FOE  THE  PAUTIAL  EXTKAC- 
TION  OP  PURE  LEAD,  TO  ENRICH  THE  REMAINING  AUGEN- 
TIFER0TJ8   ALLOY* 

Mr.  Hugh  Lee  Pattinson,  of  New^castle-on-Tyne,  England, 
introdneed  thif^  f^Vi^tem  in  the  year  1820,  for  the  protitahle 
extractioi)  of  silver  from  lead  tliat  contained  niucb  less  than 
w^as  up  to  that  time  considered  possible. 

Its  great  field  commences  where  the  old  method  of  cnpeb 
lation  ceases  to  be  availal)le;  and  as  bnt  one  and  a  half  per 
cent,  of  tite  lead  is  said  to  l>e  wasted  during  the  separation, 
it  is  more  eminently  advaotageuus  for  economy  of  lead. 

Most  of  the  commercial  lead^  held  at  tluit  time  no  less 
than  teens  of  dollari^^  and  as  $4  per  ton  ct*uld  be  proHtahly 
extracted  by  his  process,  it  bad,  and  still  has,  an  immense 
amount  (^f  work  to  aceomplish. 

cm  «lo. 


The  accompanying  illustration  (Ctit  t]0)  shows  tlic  [jhin  of 
the  whole  number  of  cast-iron  melting  pots,  whicb  should 
not  be  less  than  nine,  and  be  sufficiently  large  to  hold  from 
three  to  ^even  tons  of  metal. 

The  several  pot^,  marked  A  and  B,  are  embedded  in 
masonry,  in  sueh  a  manner  tliat  their  separate  firew  and  flues 
(as  shown  by  the  dotted  lines)  may  aflbrd  a  large  heating 
surface.  These  flues  communicate  with  the  chimneys  seen 
at  the  end  corners,  and  each  fire  should  have  a  regulating 
damper.     It  has  been  well  described  as  follows 
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METHOD   OF   MANH'ULATION. 

''If  lead  having  ten  oiint'es  of  silver  to  the  ton  is  to  be 
treated,  the  kettle,  P,  is  selected  for  eoiiimeneing  the  opera- 
tioD,  and  say  140  ewt.  are  placed  in  it,  and  heated  rapidly 
until  fused.  The  heat  is  continued  until  the  metal  is  raised 
to  a  temperature  somewhat  higher  than  that  neeessary  to 
give  it  eoniiik'te  fluidity.  Tlie  tire  is  then  put  out,  and  the 
mass  in  the  pot  partly  cooled  by  thmwing  water  upon  it 
This  nuLst,  however^  he  done  with  the  utmost  caution,  since 
the  water  rnay  become  so  surrounded  by  fused  lead  that  the 
sudden  formation  of  steam  will  lead  to  explosions  dangerous 
to  the  men  employed,  and  leading  to  a  loss  of  metal.  If  a 
little  more  time  is  allowed,  tlie  cooling  wuU  take  place  with- 
out the  necessity  for  the  employment  of  water. 

'*Tiie  mass  begins  to  cool  at  the  surtlice  and  along  the 
sides  of  the  kettle,  and  the  crusts  thus  formed  are  carefully 
detiiched  by  means  of  a  bar,  and  thrown  back  into  the  fluid, 
the  cooling  being  thus  caused  to  go  on  regularly*  The  stir- 
ring is  at  the  same  time  continued  regularly,  that  the  crystals 
may  tbrm  as  free  as  possible  from  silver. 


I 


Cut  Gl. 


*'The  ladle  represented  by  Cut  61  is  employed  for  lifting 
out  the  crystals.  The  lower  part  is  formed  of  iron,  and  the 
upper  of  wood,  that  it  may  be  more  conveniently  handled. 
It  is  kept  warm,  and  before  being  used,  is  plunged  several 
times  into  the  fused  metal,  that  it  may  assume  entirely  the 
same  temj>erature. 

"When  the  crystals  have  formed  in  a  sufficiently  large 
quantity,  a  ladlefid  is  raised  above  the  surface,  and  allowed 
to  drain  a  few  moments,  and  then,  by  a  skillful  movement 
of  the  workman,  throwm  into  the  neighboring  kettle,  P. 
The  ladle  is  then  re- warmed,  and  cleaned  of  the  lead  hang- 
ing to  it,  and  the  process  relocated  until  about  80  ewt,  are 
thrown  into  the  kettle,  P'.  This  portion  is  found  to  contain 
about  five  ounces  of  silver  to  the  ton>  or  fifty  per  cent*  less 
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than  the  original  lead.  An  additional  20  cwt.  is  now  ladled 
out,  containing  about  ten  ounces  to  the  ton,  and  tlirown  into 
R.  The  40  cwt.  now  remaining  in  P  contain  twenty  ounces 
to  the  ton,  and  this  is  transported  by  means  of  a  ladle  with- 
out perforations  to  the  kettle,  K'. 

"The  kettle,  P,  is  now  ready  to  be  filled  again,  and  the 
same  course  pursued.  When  the  kettle,  P',  is  filled  with 
lead  holding  five  ounces,  it  is  allowed  to  cool  and  crystallize 
in  its  turn,  aiid  80  cwt.  of  crystals  are  ladled  from  it,  with 
two  and  a  half  ounces  of  silver,  and  thrown  into  P'';  20 
cwt.,  with  five  ounces,  are  laid  aside,  to  be  returned  to  P' ; 
and  the  remaining  40  cwt.,  with  ten  ounces,  are  transported 
to  P  or  R.  P"  is  treated  in  the  same  way  when  full:  80 
cwt.,  with  one  and  a  fourth  ounces,  are  thrown  into  the  ket- 
tle, P''';  20  cwt.,  with  two  and  a  half  ounces,  are  laid  aside 
and  given  back  to  P'';  and  the  remaining  40  cwt.,  with  five 
ounces,  are  passed  to  P'.  The  lead  in  P'",  with  one  and  a 
fourth  ounces  to  the  ton,  is  either  considered  suflSciently  free 
from  silver  to  enter  commerce,  and  is  simply  fused  and 
moulded  for  market,  or  it  is  made  still  poorer  in  silver,  even 
to  twelve  pennyweights  per  ton,  but  in  many  furnaces  it  will 
not  pay  to  descend  to  this  limit. 

"At  the  opposite  end  of  the  row  of  pots,  the  rich  lead  is 
at  the  same  time  being  treated.  When  R'  has  been  filled 
with  lead  holding  twenty  ounces,  it  is  fused,  and  then  allowed 
to  crystallize:  80  cwt.  are  ladled  from  it  into  R,  with  ten 
ounces  of  silver  to  the  ton;  20  cwt.,  with  twenty  ounces,  are 
laid  aside,  to  be  treated  again  in  R';  and  40  cwt.  go  into  R'', 
carrying  with  it  silver  to  the  amount  of  forty  ounces  to  the 
ton.  When  R''  is  full,  it  is  subjected  to  the  same  treatment, 
and  R"'  receives  40  cwt.,  with  eighty  ounces  to  the  ton. 
The  contents  of  R'"  are  crystallized,  and  produce  for  R"'' 
lead  with  one  hundred  and  sixty  ounces  to  the  ton,  which,  in 
its  turn,  is  treated  in  the  name  way,  and  finally  40  cwt.,  with 
three  hundred  and  twenty  ounces  to  the  ton,  is  obtained  in 
R'"".  In  some  furnaces,  concentration  is  carried  still  higher, 
and  lead  with  six  hundred  and  forty  ounces  is  obtained.  This 
is  ready  for  the  cupelling  furnace,  and  is  moulded  into  blocks 
and  transported  to  that  apparatus."  —  Dr,  E.  B.  Lambom. 

By  this  it  will  be  seen  that  the  process  is  simple  and  cheap. 
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though  tedious,  and  that  bullion  of  higher  value  than  $800 
per  ton  had  better  be  cupelled ;  and  if  a  ready  sale  can  be 
obtained  for  litharge  at  a  higher  price  than  lead,  a  still  lower 
percentage  of  silver  should  be  also  thus  treated. 

In  remote  regions,  concentration  is  generally  preferable, 
when  the  marketable  soft  lead  can  be  also  shipped  to  advan- 
tage. 

When  arsenic,  antimony,  sulphur,  copper,  iron,  etc.,  are 
alloyed,  calcination  and  "poling"  (which  have  been  fully 
described  under  the  smelting  of  copper  and  tin)  must  be 
resorted  to  for  the  production  of  a  good  soft  lead,  for  fadli- 
tating  crystallization,  and  for  the  separation  of  the  t-ne  crysial 
only  from  the  other. 

BXTBACTION   OF  SILVER  FROM   COPPER   BT   LIQUATION. 

It  will  frequently  happen  in  this  country  that  silver  will  be 
found  associated  with  too  much  copper  for  effectual  milling, 
and  also  that  lead  will  be  present  in  no  inconsiderable  quan- 
tity; which  will  render  smelting  imperatively  necessary  for 
more  etfectual  beneficiation ;  and  in  such  cases,  as  neither 
the  methods  of  Ziervogel  or  Augustin  are  available  when 
much  lead  is  present,  this  of  liquation  will  sometimes  become 
very  serviceable. 

The  principle  on  which  this  process  is  founded  is  simply 
that  when  an  argentiferous  alloy  of  about  one  hundred  parts 
of  copper  and  thirty  parts  of  lead  are  slowly  heated  to  a 
degree  which  is  sufficient  to  melt  the  lead,  but  not  the  cop- 
per, the  widely  disseminated  lead  elopes  with  the  silver, 
leaving  the  spongy  disks  of  copper  almost  silverless. 

If  this  proportion  of  lead  is  not  present,  sufficient  must  be 
added  thereto,  which  is  usually  done  by  smelting  the  ingots 
in  a  cupola  furnace  of  about  six  feet  high;  a  charge  of  cop- 
per being  lirst  introduced,  and  just  when  it  begins  to  melt, 
the  proper  amount  of  lead.  As  soon  as  these  are  melted  to 
the  homogeneous  alloy,  other  similar  charges  are  given  to 
follow,  and  the  metal  is  tapped  and  run  into  iron  moulds,  to 
form  suitable  disks  of  eighteen  inches  diameter  and  three 
inches  thick.  These  disks  being  annealed  and  cleaned  by 
sudden  immersion  in  cold  water,  which  also  prevents  the  lead 
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from  sweating  out,  are  stacked  for  treatment  by  liquation,  as 
follows. 

The  hearth  for  smelting  or  partial  smelting  of  the  lead 
from  these  disks  is  formed  in  a  very  easy  manner,  by  build- 
ing two  long  inclining  walls  on  the  ground  (of  about  two  feet 
high  by  one  foot  wide),  twelve  inches  asunder  in  the  bottom 
and  approaching  at  the  tops  (which  are  covered  from  end  to 
end  with  iron  plates),  to  within  three  inches  of  each  other; 
the  one  end,  between  the  walls,  is  open,  and  has  a  kettle  for 
receiving  the  melted  lead,  and  the  other  end  leads  to  a  chim- 
ney, for  increasing  the  heat  towards  the  finish. 

The  disks  of  metal  are  laid  about  twelve  inches  asunder, 
on  their  edges,  across  the  smooth  iron  tops  of  these  walls, 
which  form  a  l)ottoniles3  valley,  and  are  first  surrounded  by 
a  vertical  fence-wall  of  thin,  suitably  shaped,  side  and  end 
iron  plates,  or  with  temporary  bricks,  and  the  spaces  between 
are  filled  with  charcoal,  to  surround  and  cover  the  disks. 

Wood  is  next  placed  within  the  walls  below,  which,  being 
kindled,  ignites  the  upper  charcoal  fiLre. 

The  lead  will  soon  exude  and  fall  into  the  long  central 
underlying  channel  made  for  its  reception,  and  will  flow  back 
into  the  kettle  at  the  end;  the  fire  may  be  gradually 
increased  (by  opening  the  damper  of  the  chimney)  towards 
the  end  of  the  operation,  for  the  more  effectual  extraction  of 
lead,  until  no  more  flows,  when  the  lead  thus  obtained  must 
be  cupelled  in  the  manner  already  described. 

The  copper  disks  are  then  generally  further  sweated  in 
reverberatory  furnaces  for  more  lead  (which  is  flrst  tapped 
oflT),  and  the  copper  is  refined  as  explained  under  copper 
smelting,  for  its  market. 

If  the  cakes  of  copper  7oere  cast  or  strained  by  pressure  into 
V  shaped  moulds^  so  that  they  could  7iot  lie  flat  on  the  hearths^  I 
see  no  reason  why  the  xvhole  process  of  sweating  and  tapping  off 
the  lead,  as  well  as  the  subsequent  refining  of  copper,  could  not  be 
more  easily  and  effectually  performed  within  a  clean  and  properly 
sloped  reverberatory  furnace. 
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CHAPTER    V. 


CHEMICAL   REDUCTIONS. 

REDUCTION  OF  ORES,  AND  SEPARATION  OF  METALS,  BT  DRT  ABB 
WET  CHEMICAL  DECOMPOSITIONS,  TRANSFORMATIONS,  DISSO- 
LUTIONS, AND   PRECIPITATIONS. 

All  the  metallic  mineral  componnds  can  be  decomposed, 
and  their  metals  reduced,  by  the  wonderful  powers  of  some 
one  or  other  of  the  appropriate  expensive  chemicals;  buty 
for  beneficial  purposes,  we  only  require  a  knowledge  of  sudi 
as  can  be  obtained  at  sufficiently  low  prices  to  be  available 
for  the  profitable  extraction  of  metals. 

Fire  and  water  are  by  far  the  most  important;  for  the 
former  will  so  change  the  constitutional  form  that  the  latter 
maj'  dissolve  that  which  would  bo  otherwise  insoluble  (as 
when  the  insoluble  sulphides  are  heated  to  volatilize  the 
sulphur  of  the  base  sulphide  metals,  or  form  the  non-volatile 
and  soluble  sulphate  of  silver);  or  when  supplied  with  a 
suitable  re-agent  (as  salt),  give  it  a  more  tractable  new  form 
(as  the  soluble  and  volatile  chlorides  of  base  metals,  or  the 
non-volatile  and  insoluble  chloride  of  silver),  which  can  be 
readily  beneficiated  by  one  of  the  following  processes. 

The  number  of  such  beneficial  elements  are  few,  as  all  of  the 
best  (yet  discovered)  methods  require  but  fire,  sulphur,  chlo- 
rine, oxygen,  and  sodium  (or  other  alkaline  metals  or  earths). 

Thus,  the  same  elements  that  were  principally  at  work 
during  the  first  hot  natural  stage  of  the  formation  of  the 
earth  itself — as  described  in  Chapters  I  and  II,  Section  I,  of 
this  book  —  again  become  equally  efl[icient  in  art,  when  the 
substance  is  subjected  to  the  more  hasty  treatment  by  fire,  to 
produce  the  similar  initial  soluble  or  insoluble  forms  for  final 
aqueous  beneficiation. 
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In  these  fire  and  humid  chemical  treatments  of  metals  and 
minerals,  the  following  more  salient  facts  may  be  advan- 
tageously remembered;  for,  as  all  the  most  valuable  processes 
yet  applied  are  founded  thereon,  your  success  will  be  the 
more  easily  attained. 

1.  When  the  powdered  minerals,  or  the  alloy  of  the  sul- 
phides of  copper,  iron,  and  silver,  are  roasted  in  a  reverbera- 
tory  furnace,  under  increasing  heat,  the  copper  and  iron  will 
be  first  changed  to  sulphates,  and  then  to  insoluble  oxides; 
whilst  the  silver  will  not  be  oxidized,  but  will  be  only 
changed  to,  and  remain  in  the  condition  of,  a  soluble  sul- 
phate, until  a  greater  and  suflSicient  heat  volatilizes  its  sul- 
phuric acid,  and  leaves  the  silver  in  metallic  form. 

2.  If  the  above  carefully  treated  charge  be  withdrawn^'w^^ 
before  the  silver  is  thus  freed,  the  sulphate  of  silver  will  be  sol- 
uble in  hoi  icater,  and  can  be  run  oft';  whilst  the  oxides  of 
copper  and  iron,  being  insoluble,  will  remain  in  the  solid 
residue. 

3.  Metallic  copper  precipitates  silver  from  its  sulphate 
solution. 

A  knowledge  of  the  above  simple  properties  enabled  Ziervogel  to 
apply  the  method  in  a  most  suecessfid  manner  for  the  reduction  of 
the  somewfiat  peculiar  matte  and  ores  of  the  Mansfield  Company^ 
to  tohich  it  is  S'id  to  be  better  suited  than  any  other  method;  but, 
for  this  reason,  it  is  probable  that  it  may  have  been  too  much  extolled 
for  general  effectiveness  on  silver  ores. 

4.  By  roasting  an  ore  of  silver  at  sufliicient  temperature, 
with  a  suitable  quantity  of  common  salt,  all  the  silver  con- 
tained in  the  charge  will  be  chloridized. 

5.  This  chloride  of  silver  is  insoluble  in  water  and  in  all 
acids,  but  may  be  readily  dissolved  in  a  hot  and  strong  solu- 
tion of  common  salt  (and  in  other  alkaline  liquors). 

6.  Metallic  copper  will  precipitate  the  silver  from  this 
solution. 

Augustin's  process  was  founded  on  the  principles  exposed  under 
the  fourth,  ffth,  and  sixth  headings. 

7.  When  the  silver  of  any  argentiferous  ore  has  been  chlo- 
ridized, art  under  the  fourth  heading,  it  may  be  dissolved  in 
a  cold  solution  of  hyposulphite  of  soda. 
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8.  The  base  metal  chlorides  are  soluble  in  hot  water. 

9.  The  silver  can  be  precipitated  from  this  solution  as  a 
sulphide,  by  adding  sufficient  polysulphide  of  sodium. 

Vo7i  Patera's  method  is  founded  on  the  jmnciples  enu7)ieraied 
under  the  seventh,  eighth,  and  ninth  headings. 

The  Becchi  and  IlaujH  process,  as  suggested  by  Dr.  Percy,  is 
governed  by  the  solubility  of  the  base  metal  chlorides  in  hot  loater, 
under  the  eighth  heading, 

ZIERVOGEL'S  process  —  WHEREBY  SILVER  IS  EXTRACTED  FROM 
COPPER  MATTE  AND  CERTAIN  ORES  —  AFTER  IT  HAS  BEEN 
ROASTED   TO   A    SOLUBLE    SULPHATE  —  BY   WARM    WATER. 

This  method,  when  the  ores  are  suitably  composed  for 
efficient  extraction,  is  cheaper  than  any  other  yet  discovered; 
but,  simple  as  it  appears  to  be,  it  is  necessary  that  the  work- 
men shall  have  great  skill  and  judgment,  or,  under  ineffect- 
ual roasting,  all  will  not  be  sulphatized;  whilst,  by  a  too 
long-continued  and  too  high  temperature,  it  will  be  reduced 
to  insoluble  metallic  silver,  and  be  lost.  It  is  necessary  that 
the  ores  shall  contain  at  least  a  certain  ratio  of  not  less  than 
twenty  per  cent,  of  sulphurets,  so  as  to  afford  the  necessary 
sulphuric  acid  for  the  formation  of  sulphates,  and  that  anti- 
mony and  arsenic  (the  former  is  very  plentifully  distributed 
in  this  country)  shall  form  no  considerable  portion  thereof,  or 
the  deleterious  insoluble  antimoniates  and  arseniates  will  be 
formed. 

1.  Roasting.  —  To  manipulate  in  this  process,  the  argen- 
tiferous sulphide  of  copper  matte  is  taken  from  the  fourth 
process,  or  second  fusion  in  copper  smelting,  granulated  and 
roasted  in  a  reverberatory  furnace,  until  the  base  metals  are 
oxidized  and  the  silver  is  sulphatized  (at  a  heat  just  less  than 
necessary  for  its  reduction). 

This  is  generally  accomplished  in  a  furnace  having  two 
reverberatory  hearths  (as  the  one  shown  at  page  408),  the  one 
over  the  other,  so  that  the  same  current  of  heated  gases  may, 
after  passing  the  lower,  return  over  the  ui)per  hearth,  in  its 
road  to  the  chimney,  by  the  still  further  windings  of  a  cir- 
cuitous flue  for  catching  the  tine  particles  of  debris,  oxides. 
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etc.  (that  would  otherwise  escape),  for  future  beneficiation. 
(See,  also,  page  513.) 

The  charge  may  consist  of  about  five  hundred  pounds  of 
granulated  sulphide  metal  (or  five  hundred  pounds  of  ore 
that  contains  sufficient  sulphurets  to  support  the  re-actions), 
which  may  be  first  roasted  for  some  five  hours  or  more  on 
the  upper  hearth,  and  then  transferred  to  the  lower  hearth 
for  another  five  hours*  roasting,  at  the  exactly  suitable  tem- 
perature, until  a  hot  sample,,  wheii  moistened  by  a  small  quantity 
of  water  on  a  saucer,  will,  when  filtered,  give  a  milky  solution, 
or  curdy  precipitate  of  chloride  of  silver,  when  a  drop  of  salt  water 
is  added. 

Although  this  filtered  solution  may  appear  slightly  blue, 
it  should  not  be  green,  or  sulphate  of  copper  will  still  remain 
unoxidized  in  the  charge,  which  is  indirect  proof  that  the 
silver  has  not  been  all  sulphatized. 

From  eight  to  ten  hours  is  generally  required  for  this 
roasting. 

2.  Dissolving  or  ''Leeching ''  the  Sulphate  of  Silver 
PROM  THE  Roasted  Charge,  by  Hot  Water,  and  Precipi- 
tating THE  Silver. — For  this  purpose,  four  long  and  reced- 
ing steps  or  terraces  are  constructed  to  receive  as  many  rows 
of  tubs,  the  top  row  being  of  sufficient  capacity  for  holding 
about  1000  pounds  of  roasted  matte  or  ore,  and  the  necessary 
water;  the  underlying  rows  may,  however,  be  smaller,  as 
half  this  size.     (See  Cut  62,  in  Augustin's  process.) 

The  upper  or  first  row,  and  the  third  and  fourth  rows,  of 
tubs,  must  have  hollow  and  perforated  internal  false  bottoms, 
which  may  be  supported  on  bearers,  over  and  upon  which 
linen  filters  must  be  stretched  on  hoops  (in  the  manner  of  a 
drum's  head  or  tambdrine),  which  may  jam  down  in  the 
tapering  tub  to  a  close  external  joint  against  the  tub;  whilst 
the  central  linen  part  shall  lie  on  a  layer  of  straw,  which 
intervenes  between  it  and  the  perforated  false  bottom.  The 
second  row  of  tubs  are  merely  receivers  and  settlers  of  debris 
from  the  dissolved  sulphate.  The  third  and  fourth  rows  of 
tubs  must  be  made  to  filter  like  those  of  the  first.  Under 
these  four  rows  are  placed,  on  or  in  the  ground,  a  reservoir  to 
catch  the  still  hot  water,  from  where  it  is  raised  by  the  pressure 
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of  stearc,  intc*  the  warming  apparatus^  to  increase  its  temper- 
ature for  repeated  passage  tbrougl*  the  ore,  until  all  the  ml?er 
has  been  extracted;  which  may  be  known  by  testing  the  fil- 
tered lir[uid  with  salt  water,  in  a  small  test  tube. 

The  roasted  matte  or  ore,  as  discharged  from  the  fnniaoei 
—  which^  for  greater  com:€rdaiet\  should  lie  just  ahovc  the^c  iubs^ 
is  placed  in  eharges  of  about  foui*  hundred  poundd,  in  each 
tub  of  the  top  row,  ami  water,  heated  to  about  IGO**,  i^ 
supplied  through  as  many  apiiropriate  regulating  cocks,  as  m 
filters  and  passes  away  b^^  other  taps  into  the  second  row 
of  receiving  and  settling  tubs. 

The  liquid  sulphates  next  pass  by  another  cock  near  tk 
bottom  (probably  this  would  be  better  placed  higher,  as  near 
to,  or  at  the  top),  into  the  third  row  of  tubs,  which  most 
have  ten  or  fifteen  pounds  of  copper  shot,  and  some  three 
hundred  pounds  of  blistered  bar  copper,  to  precipitate  the 
silver  from  the  solution. 

This  partially  or  wholly  desilverized  solution  must  now  Ik) 
made  to  lilter  and  pass  into  the  fourtii  row  of  tubs,  oviT 
another  layer  of  copper,  so  as  t-o  precipitate  any  silver  thiU 
may  have  escaped  from  the  third  row  of  tabs,  and  thenco 
through  the  underlying  filter  and  tap  into  the  Last  reservoir, 
from  whence  the  Fuiuor  is  elevated  and  warmed,  for  repeti* 
tion  of  the  process. 

As  it  will  be  generally  found  advantageous  to  insure  the 
acidity  of  tlie  liquor  by  the  addition  of  a  little  sulphuric  acid, 
the  warming  vessels  should  be  lined  with  lead,  and  the  taps 
be  made  of  solid  lead,  or  of  wood. 

Three  and  a  half  hours  are  sufficient  for  extracting  the 
silver,  when  the  cupriferous  residues  are  taken  fi-oui  the  tubs 
to  the  copper  smelting  departmenti  where  (if  the  silver  has 
been  properly  extracted,  as  proven  by  especial  assays)  the 
copper  oxide  is  smelted  and  refined* 

Nearly  all  of  the  silver  will  be  deposited  in  the  third  row 
of  tubs,  which,  with  that  in  the  fotiilh  row,  may  be  cleared 
away  as  often  as  necessary,  and  sufficiently  refined  by  fudon 
in  a  suitable  furnace,  bvone  of  the  methods  described  under 
"Smelting  and  Refining." 

The  silver  obtained  bv  this  treatn^ent  \<  nf  ^onie  -* 
the  base  metal  being  principally  copper. 
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augustin's  process  for  the  extraction  of  silver  from  copper 
matte  and  its  ores. 

Next  to  that  of  Ziervogel,  this  is  the  cheapest  means  for 
the  extraction  of  silver  from  the  sulphide  matte  from  copper 
smelting;  and  looking  at  the  greater  certainty  of  the  silver 
being  chloridized  than  sulphatized,  and  its  more  general 
adaptability  to  all  ores  which  can  be  roasted  without  clogging 
or  agglutination,  and  ease  of  manipulation,  it  appears  to  be 
much  more  suitable  for  the  very  diversified  and  intimately 
mixed  ores  of  this  country. 

The  difference  of  cost  is  but  insignificant,  if  the  former 
process  should  fail  to  extract,  and  the  latter  succeed;  which, 
of  course,  it  will  do,  whenever  silver  can  be  effectually  chlo- 
ridized by  fire.  This  process  was  invented  before  that  of 
Ziervogel  for  separating  silver  from  the  peculiarly  regular 
copper  matte,  and  ores  at  Mansfield.  The  method  of  Zier- 
vogel answers  best  for  that  purpose,  and,  as  stated,  may  have 
had  too  much  importance  attachect  to  it  for  advantages  in 
treating  the  ever-varying  minerals  of  the  world,  out.^ide  of 
that  particular  district. 

Augustin  applied  double  fire  treatments;  in  the  first,  the 
finely  pulverized  matte  was  simply  desulphurized  in  a  plain 
reverberatory  furnace  (like  Cut  45,  page  498),  in  charges  of 
four  hundred  and  fifty  pounds,  just  as  described  at  pages  500, 
604,  505,  506,  507,  and  508 ;  whilst  the  second  was  for  chlo- 
ridation  with  salt,  after  the  resulting  charge  had  been  again 
pulverized  between  millstones,  and  bolted  like  flour  to  an 
impalpable  powder. 

For  silver  ores,  it  will  be  all  sufficient  to  roast  and  chlorid- 
ize  during  one  heating,  as  described  from  pages  509  to  51.3; 
and  the  hill-side  furnace  shown  by  Cut  47,  at  page  504,  will 
be  found  very  serviceable,  which  may  be  made  to  stir  in  a 
self-acting  manner,  by  machine  rakes.  The  slope  of  each 
hearth  may  then  be  made  to  suit  your  particular  ore,  as 
regards  the  time  required  for  its  passage. 

This  chloridized  ore  must  be  withdrawn  and  charged  into 
the  upper  series  of  dissolving  (lixiviating  or  leaching)  and 
filtering  tubs,  which  may  be  four  feet  high,  three  feet  in 
diameter  at  the  top,  and  two  feet  six  inches  at  the  bottom. 
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Abaut  1000  pounds  may  be  diargetl  in  each,  to  lie  loosely 
over  the  hollow  bottom,  ii[>oii  the  linen  filter  which  has  been 
described  at  page  60 ^.  The  chlorides  of  silver  and  iH«p|iir 
are  now  dise^olvod  iu  a  hot  and  sti-ong  solution  of  suit  .hu 
water,  which,  filtering  through  the  linen,  runs  through  ihe 
top,  to  fall  and  settle  in  the  underlyiug  secnnd  row  of  ve-  ^ 
thence  into  the  third  row,  which  hiia  a  similar  filter  and  i  > 
torn,  and  upon  wliieh  abont  six  inehofl  deep  of  cement  m 
gnmnlated  copper  is  placed,  wlaich  precipitates  the  silver; 
the  [lartiully  desilvei'ized  solution  now  parses  thi*ough  Ihe 
filter,  into  the  next  or  fomth  row  of  tubSy  which  nUo  conwli] 
copper,  so  aa  to  precipitate  any  i^ilver  that  may  have  c><:ii  ! 
ti"oni  the  third  row,  or  tirst  series  of  precipitating  tub*.  TLt 
com[detely  desilverized  solntion  now  pat^ees  into  tlie  last,  or 
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fifth  row  of  tnhs,  wherein  metallic  iron  is  placed  to  precipi* 
tate  the  copper,  when  the  solntio!i  is  raised  by  the  prc<*Tif& 
of  steam,  to  be  wiirmed  for  repetition  of  tlie  proceRs  on  other 
charges.  The  time  required  for  roasting  is  about  eiglit  honn 
and  fnr  ehloridi?:ing  tliiHy  minute^^*  The  solntion  shonld 
heated  to  100*^,  and  contain  about  twenty  percent,  of 
The  depths  of  the  layers  of  copper  and  iron  should  not  hi 
less  than  four  inches. 

Thecementsilver  may  be  taken  from  thethirdaud  fourth  rr»w« 
of  tubs,  when  necessary  to  do  so,  freed  from  the  mechaniiil : 
adhering  copper  by  hydro-chloric  acid,  then  washed  by  watctr 
pressed  into  balls,  dried,  and  refined  into  marketable  ingots^ 
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VON  patera's  method  for  the  extraction  of  silver. 

Dr.  Lamborn  describes  this  process  as  follows. 

"During  a  recent  visit  to  the  mines  and  furnaces  of 
Joachimsthal,  I  was  given  every  facility  for  studying  this 
system,  which  was  put  in  operation  in  1858,  and  up  to  this 
date  has  produced  about  4000  pounds  of  silve^^. 

"The  ores  of  Joachimsthal  are  remarkaBle  for  the  numer- 
ous mineral  species  composing  them.  More  than  one  hun- 
dred varieties  have  been  described  as  occurring  in  the  veins 
from  which  the  precious  metal  is  procured.  Among  these 
may  be  mentioned  the  various  compounds  of  copper,  lead, 
bismuth,  iron,  nickel,  and  cobalt,  with  sulphur,  oxygen, 
arsenic,  and  antimony.  The  remarkable  richness  of  these 
ores  has  heretofore  been  adverted  to.  When  the  entire 
quantity  delivered  at  the  furnace  is  reckoned,  the  silver  is 
found  to  compose  two  to  three  per  cent.,  and  many  hundred 
weights  are  worked  from  which  five  to  eight,  and  even  as 
much  as  fourteen  per  cent,  are  extracted.  The  fuel  used  at 
the  furnace  is  brown  and  stone-coal,  wood,  and  charcoal. 
The  first  is  moderately  cheap,  the  second  dear,  and  the  third 
and  fouith  are  becoming  less  abundant  each  year.  Labor, 
on  the  other  hand,  is  abundant,  good  workmen  receiving 
only  1.5.  to  ]5.  4d.  per  day. 

"The  ore  is  in  part  prepared  by  hand-sorting,  and  part  by 
concentration  upon  the  percussion  (able. '  It  is  delivered  to  the 
furnace  in  a  powdered  condition,  and  stored  in  appropriate 
magazines  until  required. 

"The  first  operation  to  which  it  is  subjected  is — 

"Roasting. — This  process  is  performed  in  a  reverberatory 
furnace,  which  presents  several  peculiarities  that  recommend 
it  to  the  attention  of  the  metallurgist.  The  usual  long,  nar- 
row hearth  and  fire-bridge,  and  short  fire-place,  is  here 
replaced  by  a  hearth  nine  feet  nine  inches  across,  and  six  feet 
in  the  direction  taken  by  the  flames  on  their  way  from  the 
fuel  to  the  chimney.  The  fire-place,  instead  of  being  two 
feet  across,  as  is  the  case  with  manj  English  furnaces,  is  here 
but  six  inches,  and  the  grate  upon  which  the  fuel  is  con- 
sumed, instead  of  passing  along  about  one-third  of  the  side 
of  the  furnace,  as  is  often  the  case,  is  here  four-fifths  as  long 
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as  the  hearth.  The  advantages  secured  by  this  arrangement 
are  obvioas  to  one  observing  the  action  of  the  furnace.  The 
broad  and  short  hearth  makes  possible  an  equal  and  high 
heat  tliroughout  the  whole  furnace,  and  the  long  lire-place 
allows  no  portion  of  the  charge  to  remain  in  remote  corners, 
beyond  the  reach  of  the  intense  tire;  while  the  narrow  fire- 
bridge absorbs  Iocs  licat,  and  allows  the  flames  to  have  a 
more  direct  action  upon  the  contents  of  the  hearth  than 
where  a  broad  mass  of  bricks  intervenes  between  the  con- 
suming fuel  and  the  mineral  that  is  being  treated. 

"A  further  important  innovation  distinguishes  this  furnace 
from  others  of  the  same  cLass.  The  fire-bridge  is  a  tube  of 
iron  covered  with  clay,  and  having  eight  to  ten  small  open- 
ings in  the  side  toward  the  hearth.  A  boiler  attached  to  the 
furnace,  but  heated  by  a  separate  fire,  produces  steam  of  the 
pressure  of  about  four  pounds  to  the  square  inch,^vhich  can, 
at  the  will  of  the  operator,  be  conducted  into  this  tubular 
fire-bridge,  and  allowed  to  stream  out  from  the  openings 
upon  the  roasting  charge. 

"Tlie  powdered  ore,  as  it  comes  IVom  tlio  mine,  is  ]>lace(l 
in  tlie  furnace  in  cliarges  of  4  cwt.  It  is  subjected  to  a 
slight  fire  at  first,  which  is  gnulually  increascjd,  but  not  to  a 
point  high  enough  to  induce  clotting.  Vapor  is  not  admitted 
at  first;  l)ut  wlicn  the  cliarge  lias  arrived  at  a  red  heat,  the 
pipe  connecting  with  the  boiler  is  oj>ened,  and  as  much  vapor 
allowed  to  pass  over  the  heated  ore  as  is  possible  without 
decreasing  the  temperature  below  the  j)oint  necessary  for  the 
proper  chemical  changes  to  go  toi'ward.  In  four  hours  the 
process  is  complete,  and  tlie  ore  is  drawn,  permitted  to  cool, 
and  carried  to  a  mill,  where  it  is  ground  to  fine  powder, 
being  at  tlje  same  time  mixed  with  some  salt.  It  is  then 
l)rouglit  to  the  I'oasting  furniice,  to  luidci'go  what  is  known 
as  the  (jood  roast'oKj,  Three  liundretl  weiglit  of  the  ore  are 
here  treated  at  once,  being  first  intimately  mixed  with  six  to 
twelve  i>er  cent,  of  common  salt,  and.  at  the  same  time,  with 
two  to  three  per  cent,  of  irun  vitriol.  This  mixture  is  spread 
upon  the  heart h  ;  in  about  an  hour  after  l)eing  brought  under 
the  infiuence  of  tlie  fire,  a  red  heat  is  I'cached  ;  the  vapor  is 
then  let  on  as  before,  and  stirring  commences.  The  fire  is 
gradually  made  stronger,  and  in  from  six  to  sixteen  hours  — 
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depending  upon  the  value  of  the  ore — the  process  is  con- 
cluded. 

"The  object  of  adding  salt  is  to  form  with  the  silver  a 
chloride.  The  vitriol  furnishes  a  means  of  decomposing  the 
salt,  when  not  enough  sulphides  are  otherwise  present;  and 
steam  makes  the  combination  of  the  chlorine  and  silver  more 
certain,  and  by  condensing  the  vapors  that  pass  into  the 
chimney  and  condensing  chambers  before  they  can  reach  the 
open  air,  enables  the  catching  of  nearly  all  the  silver.  Were 
it  not  for  this  contrivance,  ten  per  cent,  of  the  silver  would 
be  lost,  which  would  evidently  make  the  treatment  of  rich 
ores  by  this  means  impracticable. 

"The  roasted  ore,  still  in  a  finely  powdered  condition,  is 
transported  to  the  apartment  devoted  to  lixiviation,  where 
the  various  apparatuses  for  solution  and  precipitation  are 
arranged,  as  is  shown  in  the  accompanying  cut,  which  gives 
a  vertical  section  from  one  end  of  the  building  to  the  other, 
and  which  will  be  understood  by  reference  to  the  following 
description.  * 

"First  Lixiviation. — The  powdered  ore  now  contains  the 
silver  as  a  chloride,  and  hence  insoluble  in  water;  while 
some  of  the  nickel,  cobalt,  zinc,  copper,  etc.,  are  present  as 
sulphates  and  chlorides,  and  soluble  in  that  fluid.  Charges 
of  4  cwt.  are  thrown  in  the  row  of  tubs  represented  by  A, 
which  are  made  of  pine  wood,  well  hooped  with  iron,  and 
furnished  with  a  filter,  a,  at  the  bottom.  Water  at  as  high 
a  heat  as  possible  is  thrown  upon  this  ore  for  about  six  hours, 
and  thus  all  the  soluble  salts  are  taken  into  solution,  and  car- 
ried through  the  filter,  a,  into  the  trough,  6,  to  appropriate 
vessels,  where  they  are  precipitated  with  lime-water,  and  if 
rich  enough  in  silver,  are  collected  and  sent  to  be  fused  in  a 
cupola  furnace. 

"The  fluid,  falling  into  6,  is  occasionally  tested  with  the 
sulphide  of  sodium;  and  when  no  precipitaie  appears,  the 
first  lixiviation  is  deemed  ended,  and  cold  water  is  thrown  in 

*  The  employment  of  solutions  of  hjposulphite  of  soda  (for  the  extraction  of 
silver  from  its  ores),  and  the  polysulphide  (for  its  precipitation),  were  first  sug- 
gested by  Dr.  Percy,  published  in  1848,  and  then  translated  into  the  Austrian 
language ;  which  should  have  been  stated  in  the  fourth  line  of  page  602,  for  th  e 
Von  Patera  process,  instead  of  for  that  of  Becchi  and  Haupt. 
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in  eliinhiiKh  ilie  temperature  of  the  ore,  vvhicb  must  not 
suliiiiitted  to  the  next  treatment  until  quite, cold, 

**SEcoNt»  LixiviATioN.  —  The  powdert^d  ore,  thus  disencum-^ 
herod  of  the  several  aalts,  soluble  in  pure  water,  id  mn 
thrown  into  the  tubs,  represented  b\^  B,  which  are  aUo  eou^ 
^tructud  of  pine,  and  reseruble  in  their  interior  iLrraageme 
the  vesseel  used  in  Angustin's  pixjcesa.  Of  thesu  ve^ek 
seven  are  eniployed  in  the  establishment  at  Joaehimsthal,] 
They  are  placed  on  a  level  with  the  vessels,  A,  aad  between 
tlie  two  rows  passes  a  small  railway,  upon  w^iich  runs  th^ 
ear,  C\  The  vesi^ela,  B,  an-  pbieed  upon  a  small  wagou,  WJ 
that  can  be  run  from  the  position  shown  in  the  cut  to  the  oirJ 
C»  and  then  carried  backward  and  forward,  and  brought  int 
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cki^e  proximity  with  any  of  the  tubs  in  the  row.  A- 
Timely  B,  having  received  3  cwt  of  ore  fiom  one 
larger  tubs,  is  s^^t  in  its  place,  aad  treated  with  tbe 
intended  lo  diasolTe  out  the  silver.     This  eoimelB  of 
aolntion  in  waiter  of  the  hyposulphite  of  9od&.    Thia 
hiooght  from  an  appropriate  reservoir  by  the  tnx^ih, 
allowed  to  filter  slowlj  throogh  die  msas.     It 
chloride  of  silver  in  the  form  of  a  double  salt»  and 
in  aoiution  through  the  filter,  l^  and  thence  into  the 
whence  it  flows  into  the  precipitating  tubs,  D  and  S. 
rapidity  with  which  the  fluid  will  flow  throagh  tht 
ot«  depends  upon  its  finenen^  and  the  lei^gtli  of  It 
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for  extracting  all  the  soluble  silver  in  the  tub  depcnas  upon 
this  nieehanical  circumstance,  and  upon  the  quantity  of  silver 
in  the  ore.  The  richest  mineral  brought  to  the  extraction, 
which  contains  about  fourteen  per  cent.,  requires  fort\'-eight 
hours:  that  containing  one  percent,  requires  twelve  horn's. 
The  ores  containing  but  six  or  seven  per  cent,  require  but 
one  lixiviation,  which  brings  the  remainder  down  to  about 
one-sixth  of  a  per  cent.;  but  the  ores  of  higher  value  must 
be  submitted  to  two  lixiviations,  with  an  intermediary  roast- 
ing with  vitriol  and  salt,  before  they  can  be  reduced  so  far. 
Tlie  remainders  are  dried  and  given  over  to  fusion  in  a 
cupola  furnace.  The  charge  in  each  tub,  B,  is  known  to  be 
ready  for  removal  when  the  liquor  falling  from  it  no  longer 
contains  silver,  wliich  fact  is  known  by  a  trial  with  a  solution 
of  sulphide  of  sodium,  a  re-agent  that  will  produce  a  dark 
color  when  only  a  trace  of  silver  is  present. 

"Precipitation  of  the  Silver. — The  argentiferous  liquor 
falling  from  the  vessels,  B,  is  conducted  into  the  tubs  repre- 
sented by  E,  of  which  there  are  six,  each  holding  about  forty 
gallons,  and  into  those  represented  by  D,  of  which  there  are 
four,  each  holding  about  eighty  gallons.  When  one  tub  is 
nearly  full,  the  trough  carrying  the  liquor  is  changed  to 
another,  and  the  precipitation  of  the  silver  may  commence. 

"The  plan  here  adopted  is  an  exact  imitation  of  a  delicate 
laboratory  process;  and  it  is  worthy  of  remark  that  the  com- 
mon workmen  have  attained  such  a  facility  in  performing  it, 
that  they  never  fail  in  producing  the  desired  result.  The 
precipitant  is  the  polj/sulphide  of  sodium^  formed  by  calcining 
soda  with  sulphur,  and  afterwards  boiling  the  product,  when 
dissolved  in  water,  with  sulphur  in  a  state  of  fine  division. 
It  is  conveyed  to  the  tubs  in  large  stone  jars,  and  poured  into 
the  argentiferous  liquor,  until  all  the  silver  is  supposed  to  be 
thrown  down,  stirring  being  vigorously  carried  on  at  the 
same  time.  The  workman  now  dips  a  little  of  the  clear 
liquor  out  in  a  glass  tube,  and  adds  polysulphide  of  sodium. 
If  a  dark  color  is  produced,  it  is  a  proof  that  silver  is  still  in 
solution,  and  more  precipitant  is  added  from  the  stone  jugs; 
if,  on  the  contrary,  no  sulphide  &lls  in  the  test  tube,  it  is  a 
question  whether  too  much  sulphide  "of  sodium  has  not  bee 
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added  to  tlie  tub;  and  to  prove  this,  some  of  the  fresh  t^ilrer- 
holdiiig  liquor  is  added  to  an  assay  taken  from  the  tub  undctJ 
treatQient.     If,  in  tliia  case,  u  precipitate  is  formed  (of  sul- 
phide of  silver),  the  same  fresh  argentiferous  liquor  is  addedl 
carefully  to  the  tub,  until  no  re-aetton  of  sulphide  of  sodium' 
is  produced.     When  this  point  is  reached,  all  doubt  that  the 
whole  of  the  silver  hus  been  precipitated,  and  that  no  exc« 
of  tlic  precipitant  remains,  is  removed  by  the  application  o( 
still   more  deliuate  le-agents:  acetate  of  lead,  to  detect  tbel 
excess  of  sulphide;   and  the  solution  of  some  chloride,  toj 
prove  the  presence  or  absence  of  silver.     This  exact  condi- 
tion of  neutrality  is  essential  to  the  success  of  the  process] 
since  the  fluid  from  which  the  silver  is  thrown  down  is  againi 
given  to  the  lixiviation,  and  the  presence  of  sulphide  of 
sodium  in  the  tubs  used  for  solution  (B)  wouhl  lead  to  the 
formation  of  an  insoluble  sulphide  of  silver,  and  hence  would 
prevent  the  method  succeediug.     The  process  of  precipita-  < 
tion,  complicated  as  it  may  seem*  requires  the  labor  of  two! 
workmen  ordy  fifteen  minutes  for  each  tub,  even  when  the  | 
largest  vessels  are  treated. 

*'Thc  flocky  precipitate  is  now  allowed  six  hours  to  settle] 
to  the  bottom,  when  the  liquor  above  is  drawn  oii*  by  meana^ 
of  a  syphon,  and  the  dark  sulphide  of  silver,  which  exists  as 
a  slime,  is  drawn  off  through  the  spiles,  1 1,  which  enter  at 
the  lo\ver  i>art  of  the  tub. 

'*The  liquor  from  the  syphons  is  carried  to  a  reservoirs 
beneath  the  floor  of  the  apaitment,  and  thence  pumped  up 
to  the  level  of  the  trough,  A,  to  be  again  used  in  the  process 
of  dissolving.     It  is  a  curious  circumstance  in  the  history  of 
this  method,  that  no  hyposulphite  of  soda  has  been  added 
since  the  commencenient  of  the  operation,  when  fouileea 
pounds  were   dissolved   as  a  beginning.     The   sulphide  of 
sodium,  when  exposed  to  the  air,  forms  a  small  quantity ' 
of  the  hyposulphite  of  soda,  so  that  this  essential  salt  eutersj 
the  circuit  when  the   silver  is  precipitated,  and   thus  the] 
solvent,  instead  of  becoming  weaker,  is  continually  eoueen- 
tratiug,  and  must  frequently  be  diluted  by  the  addition  of  ^ 
fresh  water* 

** Treatment  of  tile  Sulphide  of  Silver,  —  The  precipi- 
tated mass  from  the  tuba,  D  and  E,  is  deposited  in  three* 
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cornered  bags  of  hempen  stuiF,  and  hung  in  the  wooden 
frame,  F,  to  drain.  In  about  half  an  hour,  the  dark  mass, 
which,  beside  sulphide  of  silver,  consists  chiefly  of  sulphate 
of  soda,  is  placed,  while  still  in  the  bags,  beneath  a  screw 
press,  and  the  fluid  that  remains  in  it  is  forced  out  as  com- 
pletely as  possible.  It  is  then  dried  in  a  warm  room,  placed 
again  in  the  filtering  bags,  and  warm  water  thrown  over  it, 
to  wash  out  the  sulphate  of  soda.  The  sulphide  of  silver, 
thus  freed  of  its  soluble  salts,  is  now  dried  a  second  time, 
and  heated  in  a  muflle,  to  which  air  has  access.  The  sulphur 
burns  out  with  the  characteristic  blue  flame,  and  in  about 
three  hours  the  entire  mass  is  almost  entirely  reduced  to  the 
condition  of  metallic  silver,  which,  in  some  instances,  assumes 
the  thread  or  wire -like  condition  that  is  frequently  seen  in 
specimens  of  native  silver. 

*'The  last  process,  which  consists  of  a  fusion,  is  now 
accomplished.  -The  metal  is  placed  in  a  graphite  crucible, 
of  Passau  or  English  make,  to  the  amount  of  three  hundred 
pounds,  and  fused.  The  sulphur  that  still  remains  is  removed 
by  placing  metallic  iron  in  the  fused  metal,  and  thus  induc- 
ing the  formation  of  a  ferruginous  regulus,  which  rises  to  the 
surface  and  is  skimmed  oft'.  The  surface  of  the  metal  is  then 
cleared  by  adding  a  mixture  of  bone  ash  and  wood  ashes,  and 
the  silver  dipped  out  and  poured  into  moulds.  The  silver 
varies  in  purity  between  .980  and  .985,  and  is  at  once  sent  to 
the  Imperial  mint  at  Vienna. 

"  The  workmen  who  have  charge  of  this  apparently  com- 
plicated process  were  formerly  engaged  in  the  smelting 
department,  and  have  no  knowledge  of  theoretical  chemistry; 
yet  the  whole  affair  is  carried  forward  with  the  utmost  regu- 
larity, and  but  occasional  attention  is  required  from  the  supe- 
rior officers.  The  cost  of  extracting  a  pound  of  metal  from 
the  ore  amounts  to  about  95.  9rf.,  which  is  about  65.  less 
than  the  cost  of  separating  the  same  amount  of  metal  by  the 
old  process  of  smelting.'' 

PROCESS   OF   BECCHI   AND   UAUPT,   AS   USED    IN   TUSCANY. 

The  sulphuret  ores  are  broken  to  the  size  of  hen's  eggs, 
and  about  two  hundred  tons  are  roasted  in  heaps,  with  layers 
of  wood,  for  some  twelve  or  fourteen  days. 
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Thii^  vohitilizet^i  siiftifient  sul[>hiM\  and  rondera  tlio  filone 
lunre  frmldc,  lor  pulveiizing  betwoeu  inill-stoues. 

TIk*  tiriely  pulverized  ore  is  now  s^ulijecteil  to  a  eliloridizing 
roasting,  with  sufficient  Rjilt  to  change  all  the  copper  to  u 
cldoride,  which  reqnire??  some  fiftec^n  minutes  (after  the  proptT 
temperature  has  b«^en  uthiined),  under  eoutinnal  stirring. 

The  roaf^ted  cliiirge  in  now  ijlacod  in  vati^,  and  the  ehloridt* 
of  copper  is  di.^solvcd  out  with  hot  water,  filtered  into,  or 
allowed  time  to  settle  and  run  iito,  Ktill  iai<»ther  vessel,  ritd 
precipitated  with  raetallic  iron,  or  with  cauBtic  lime-water; 
it  IS  then  smelted  in  n  low  cupola  furanre,  and  refined  in  the 
manner  already  describe*!  under  '^Coi'itcr  Smelting/' 


PROCESSES  SUGUESTED  FROM  (OKSI DERATION  OF  TOE  PRINCIPLB? 
WHTCH  GOVEI{N  THE  FOREOOINO  METHOnS,  FOR  THE  BETTKR 
EXTRACTION  AND  SEPARATION  OF  SILVER  AND  COPPER  FROM 
EACH    OTHER,    AND    FIUjM    OTHER    BA&E    MINERALS. 
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The  extraction  and  separation  of  silver  and  copper  from  fad 
othn\  (OHlfroiv  the  oflur  f/ase  minerals^  may  be  frequently  accofii^H 
pi i shed  ua  follows,  " 

P^iRf^T  pRO(^E?s.— Roast  and  chloridize  the  silver,  with  (hi* 
copper  and  other  ba^e  metal;?.  Dissolve  these  copper  imd 
base  metal  chloritles  in  hot  water,  filter  atid  precipitate  the 
copper  by  iron,  or  with  cjiuHtie  lime.  Treat  the  golid  residafl 
in  revolving  baiTels,  with  iron  and  mercury,  a.H  directed 
page  542;  or  in  copper-bottomed  kettles,  with  salt, 
explained  at  page  538. 

Se<:oxd  Process,  —  Chloridize  and  precipitate  the  copper^ 
as  in  the  first  process;  then  dissolve  the  silver  in  a  hot  s*»hl 
tion  of  Bait,  filter  and  precipitate  the  silver  with  copper  s^imr^ 
in  copper-bottomed  pans,  either  with  or  without  mercury. 

Third  Process. — Roast  the  pulverized  ore  until  the  ml 
pliate  of  jiilver  is  fin^med,  which  dissolve  out  with  hotw^aterl 
and  precijiitate  with  copper,  as  directed  by  Ziervogeh  Then 
instead  of  smelting,  add  twenty  per  cent,  of  sulphuret 
copper,  that  .'ontains  no  sil^'cr;  ehloriflize  the  copper  by  i 
second  roasting,  dissolve  in  hot  water,  filter,  and  precipitat 
the  copper  with  iron  or  lime. 


MBTALLUBGISTS'   COMPANION.  615 

Fourth  Procbss.  —  Chloridize  all  in  furnace,  with  salt; 
dissolve  and  pass  away  the  soluble  base  chlorides  in  hot 
water,  and  beneficiate  the  insoluble  chloride  of  silver  in 
copper-bottomed  kettles,  either  with  or  without  mercury,  as 
exlpained  at  page  538. 

In  the  interior  of  this  country,  salt  is  frequently  found  in 
great  abundance,  and  where  moderate  quantities  of  wood  can 
also  be  obtained,  one  or  the  other  of  these  processes  or  mod- 
ifications may  be  used  to  most  eiFective  advantage  for  reduc- 
tion of  silver  ores. 


In  conclusion,  I  must  say  to  those  practicals  who  have 
had  sufficient  perseverance  to  read  thus  far,  that  this  book 
has  been  extended  to  a  much  greater  length  than  was  at 
first  intended;  but  being  printed  closely,  on  very  thin  paper, 
it  is  still  of  companionable  size.  I  trust  that  nothing  of 
importance  has  been  omitted ;  nor  anything  written  which 
will  not  be  of  interest  to  all,  and  valuable  to  many. 

To  critical  readers  I  may  say,  that  although  the  scientist 
will  disagree  with  some  of  my  notions,  and  the  better  edu- 
cated professional  scribe  will  see  many  ill-expressed,  bungling 
passages,  that  practical  men  will  appreciate  the  endeavors 
of  one  whose  life  has  been  too  peculiarly  operative  for  very 
correct  expression  or  refined  language.  The  work  has  been 
written  in  eight  months,  amidst  continual  interruptions  of 
business,  and  immediately  printed  from  first  manuscript,  to 
meet  the  requirements  of  the  present  moment's  furor  for  the 
exploration  and  mining  of  this  country. 

To  capitalists  I  commend  it  as  being  executed  under  the 
influence  of  a  sincere  and  earnest  desire  for  the  general  ben- 
eficiation  of  the  (should  be)  immense  interest  of  Mining,  by 
affording  all  of  the  necessary  facilities  for  genuine  practicals, 
in  legitimate  mining ;  by  exposing  and  condemning  the  dam- 
aging results  that  have  been  produced  by  illegitimate  pre- 
tenders, white-handed  theorists,  and  the  wily  intents,  foul 
purposes,  and  highly  detrimental  results  of  market  miners. 

If  this  labor  of  exposition  of  these  various  departments, 
and  follies,  of  Mining,  will  produce  better  success  in  the 
future,  I  shall  have  literally  and  substantially  attained  more 
than  one  desirable  end. 
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in  copper-bottomed  pans 538 
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refining  of  silver  from  all  sources 285 

REDUCTION  OF,  in  extrcmcly  hot  water ^ 549 

by  chemical  means ..600 


INDEX.  639 

SiDvER,  RKDUCTioN  OF,  bjT  Ziervogcrs  process 602 

by  Augustin'd  process 605 
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Sulphur,  discrimination  of 204 

Talc  (silicate  of  magnesia)  discrimination  of 204 

Tellurium,  discrimination  of 205 
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by  cylinder  or  water-trough 364 
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*^  Wee  Pet"  assaying  machine,  description  of. 123 
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A  NEW  METHOD — FOR  THE  AMATEUR'S  MORE  DIRECT  EXAMINA- 
TION OF  MINERALS,  FOR  THEIR  USEFUL  AND  PROFITABLE 
ELEMENTS — BY   BLOWPIPE. 


The  following  safe,  simple,  and  direct  tests,  have  been 
devised  and  arranged  for  ordinary  men,  so  that  they  may 
know  what  useful  elements  are  present  in  minerals,  without 
having  to  ponder  over  and  puzzle  themselves  with  all  the 
irregular  and  complicated  random  rounds  of  re-actions,  in 
qualitative  analysis ;  which  can  only  be  fully  comprehended 
after  years  of  arduous  practice,  and  deep  study. 

Before  entering  on  the  following  course  of  tests,  it  will  be 
necessary  that  the  practitioner  should  be  acquainted  with, 
and  be  able  to  eifect  the  various  manipulations  described  in 
Capter  IV,  of  Section  IH;  as,  how  to  produce  the  oxidizing 
and  reducing  flames,  page  140 ;  the  discrimination  on  char- 
coal, pages  142  and  143 ;  smelting  with  fluxes  on  charcoal, 
pages  146  and  147 ;  examination  in  forceps,  page  148 ;  discrim- 
ination by  fluxes  in  the  platinum  wire  loop,  pages  148,  149, 
and  150 ;  the  uses  of  open,  and  close  ended,  glass  tubes, 
over  spirit  lamp,  at  pages  151,  and  152 ;  and  examination  by 
smelting  and  water  washing,  for  small  quantities  of  the 
metals,  at  pages  152,  and  158. 

The  practically  useful  and  profitable  minerals  worked  by 
miners,  are  composed  of  the  following  elements. 

Antimony^  arsenic^  bismuth^  cMorine^  chromiuMy  cobalt^  copper^ 
iroUy  leadj  manganese^  mercury,  nickel^  sulphur j  tellurium,  tin  and 
zinc;  with  the  magnesian,  aluminous,  quartzase,  and  lime  rocks. 
41 
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Before  commencing  your  tests,  write  these  names  on  a 
slate,  or  on  paper,  and  then  proceed  as  follows* 

Thorouglilj  fuse  some  of  the  finely  pulTenzetl  ore  with  c&rboaate  of  sodi^ 
Within  the  small  terminul  eye  ur  loop  of  platiaum  wire,  in  the  oxidUtug  fl&me; 
a  ad  notice  the  color  of  the  glAss. 

If  tht  <flat*  it  pak  yellow  f    CKr&mie  add  it  preatniy  from  tome  chromatt  »r«« 
If  (he  glas9  it  of  a  bluish  green  f     It  hat  b^en  produced  by  mangan^M, 
^  of  a  copper  red  7     From  copper  reduced  by  thitftuz. 
If  of  a  lead  colored  enamel  f     From  reduced  lead. 

If  not  thus  colored,  erase  chromium  and  maaganese  from  jour  lisi,  iiad  leil 
for  the  remainder* 

Fuse  in  similar  manner  with  borai. 

If  the  ffh4g  it  blue  /     The  mineral  it  eobalL 

ff  tiff  hi  bottk  ffrecn  f     Ir^n. 

If  amethyttf     Manffane4e.     {But  thit  would  not  bt  pretent  if  the  em^^mtM  ^ 

toda  fatted  (o  thow  it,) 
If  of  a  reddith  brown  f    Nickel.  ' 

If  neither  color?     Eipnoge  cobiiUf  iron,  And  nickel  from  the  list. 

Place  a  tmati  piece  of  the  mineral^  of  about  the  tim  of  a  ffrain  of  tehioi^ 
un-Jlmcfd  willow  or  pine  charcvitij  and  tubj^ct  it  to  the  oxidising  jlamc  of  the  blow-- 
pipCi  untii  an  intense  heat  is  produced^  which  continue  for  about  one  minute,  {axU 
vhen  cold  it  may  be  applied  to  the  mnfptetic  needle ,  at  a  collateral  tettfor  iron. 

If  there  is  no  white,  or  yellow  oxide,  deposited  on  the  coul^  the  specimen  do€9 
Qot  contain  atitimony,  arseDic,  bigisuth^  lead,  tin,  t«Unrium,  or  zinc,  and  thoM 
may  be  also  erased  from  the  list. 

If  you  wish  to  examine  for  the  rocks,  do  so  now. 

QuarUy  tcrafches  ffiutt,  before  and  after ^  ttrong  i^ition, 

lAmCi  would  none  di^tolve^  or  tlack  in  water. 

Maynetia  and  alumina^  when  moistened  with  a  drop  of  the  "  iolutt&n  ofeobaity 

and  ayain  stronyty  heated^  tcilt  respectively  thow  their  charaetertttk  JU»k^ 

or  blue  J  colon. 

If  a  white  oxide  deposits  on  the  charcoal,  at  some  dlMaace  from  the 
sample^  it  will  be  from  antimony,  arsenic,  or  tellurium. 

Antimony t  hat  a  pkatant  Jiower-like  odor,  arttnic^  a  ditnyreeabU  yarlie  ttmk:  aad 
the  oxide  of  tellurium,  will  burn  of,  with  agrecnjiitme,  before  thai  from  the  blowpipe. 

If  the  oxide  on  the  charcoal,  is  white,  and  close  to  the  test  siimplc,  It  is  pro- 
duced from  tin. 

Jf  the  oxide  is  yellow,  when  hot ;  and  white,  when  coldj  it  is  that  of  xiiie. 

The  oxide  of  fin  when  movttennd  with  "  solution  of  c«>6ail/*  and  re-htfited  bffort 
blowpipe t  becomes  of  a  yreenith  blue  color  ;  whilst  the  oxide  of  zinc,  when  tkut  trmitd. 
changes  to  a  bright  green. 

If  the  oxide  on  the  charcoal  is  yellow,  it  is  either  from  lead  or  bismuth. 

Smelt  on  charcoal  with  carbonate  of  aada^  and  these  miner  alt  will  be  (hut  reduced 
metals.     Bismuth  is  very  brittle,  and  lead  very  ductile^  under  the  hammer. 

You  have  now  thoroughly  tested  for  all  but  chlorine,  copper,  mercury,  aai 
sulphur. 
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Copper  woi  alluded  to  at  coloring  the  firtt  bead  of  carbonate  of  eoda,  but  it 
•Miy  be  now  further  tetted  and  more  effeetuaUy  reduced  on  charcoal,  when  fluxed  with 
toy,  equal  parte  of  carbonate  of  soda  and  eujar,  to  irregular  nuggets  of  red  metal. 

It  mjg  be  also  dsteztei  in  very  email  quantities  when  it  has  been  first  roasted  ih 
flame,  then  moistened  with  h'tdro-chUrie  acid,  and  re-flaned;  as  it  first  gives  the  blue 
flame,  from  the  chlorins  of  the  acid,  then  finishes  with  the  beautiful  green  flame  of 
copper. 

Chlorine.  Fuse  in  the  platinum  wire  a  bead  of  mierocosmic  salt,  with  as  much 
oxide  of  copper  (or  any  copper  ore  thus  oxidised)  as  it  will  absorb,  then  add  the  liquid 
or  soUd,  that  is  to  be  tetted,  and  place  it  into  or  before  the  flame;  if  chlorine  is  present 
it  will  soon  show  its  characterittic  blue, 

Salphur.  Lay  the  firtt  bead  formed  with  carbonate  of  toda,  or  any  other  of  the 
tHagt  from  the  smeltings  with  that  flux,  on  a  moistened  silver  coin,  and  if  the  ore  is  a 
sulphuret,  it  will,  by  forminj  the  toluble  tulphate  of  toda,  ttain  the  bright  tiloer,  from 
brown  to  black f  according  to  the  quantity  of  tulphur  pretent,  or  time  given  for  the  die* 
coloration. 

Mercury.  I^laee  a  email  piece  of  the  raw  ore,  on  a  gold  or  copper  coin,  and 
impinge  tht  flams  from  the  blowpipe  thereon,  for  a  few  t^xondi,  to  that  the  heated  cur^ 
rent,  beyond  (he  tett  tample,  may  pa^t  elote  down  upon  the  cold  coin,  when — if  it  be  an 
ore  of  mercury — itt  fame  will  eondente  and  amalgamate  the  turfaee  of  the  metalf 
which  can  be  more  distinctly  obterved,  after  the  coin  hat  been  rubbed  tvith  a  wet  finger. 

The  coin  may  be  again  cleaned  by  warmth. 

Thus,  the  qualitative  analysis  of  the  profitable  base  min- 
erals may  be  readily  and  thoroughly  completed,  by  men 
knowing  nothing  of  minerals  at  sighly  and  the  particular 
metal  or  metals  found,  may  be  then  assayed  for  correct  quan- 
tity, by  either  of  the  convenient  modes. 

The  short  abstract  statement  of  operations  for  testing  by  the 
above  modcy  as  given  beneath^  mxig  be  easily  remembered. 

1.  Test,  with  carbonate  of  soda  in  platinum  loop,  for  colored  beadt,  of  chro- 
mium, manganese,  copper  and  lead. 

It*  Test,  in  similar  manner  with  borax,  for  colored  beadt,  from  iron,  and 
nickel ;  and  also  look  for  collateral  amethytt  color,  of  manganese. 

8.  Test,  on  charcoal,  for  iron,  by  the  magnetic  needle;  for  the  oxides  of  anti- 
mony, arsenic,  bismuth,  lead,  tin,  tellurium,  and  zinc,  by  their  colore,  etc.,  etc.; 
and  for  the  rocks,  of  quartz  by  hardnttt,  lime  by  itt  tolubility,  and  of  magnesia 
and  alumina  by  thefleth  and  blue  colon  produced  by  "  nitrate  of  cobalt  '*  tolution. 

4*  Test  for  copper,  by  actual  reduction,  and  color  of  itt  flame  when  dittolved  in 
hydro-chloric  actd  ;  for  chlorine,  by  a  copper  saturated  bead  of  mierocosmic  salt, 
by  itt  blue  flame;  for  sulphur,  by  fusion  with  carbonate  of  soda,  and  dissolving 
the  mass  on  a  silver  coin,  by  ttt  brown  color;  and  for  mercury,  by  hot  blast  to 
the  aample  when  placed  on  a  gold  or  copper  coin,  by  its  amalgamation. 
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A  NEW  AND  EFFECTUAL  MODE,  FOK  TESTING  AXB  ABSATXSH 
SILVER  ORES,  AND  CONCENIKATED  AUEIFER0U6  QUARTZ; 
BY    COMMON    BLOW-PIPE. 

There  is  no  easily  performed,  quick,  and  reliable  test,  forfl 

low-grade  silver  ores,  or  for  gold  in  mdphnret  of  iron^  or  even 
small  quantities  oj\  free  (/old,  in  quartz,  short  of  the  actual 
aasay  by  smelting  and  cupellation ;  so  that  any  more  ready 
nfieans  for  obtaining  such  assays,  without  cumbrous  rn^i 
expensive  furnace^*,  will  natunilly  be  of  immense  value  for 
explorers,  not  fully  educated  in  mineralogy. 

The  assaying  machine,  described  in  this  work,  was 
cially  contrived  for  the  traveling  purposes  of  prospectors,  bntl 
its  cost  prevents  general  use,  and  as  the  system  followed  iilj 
books,  for  the  assaying  of  silver  by  common  blow-pipe^l 
requires  much  skill  and  practice,  I  now  give  the  far  easier,! 
and  much  better  method,  taught  my  pupils,  which  they  have^ 
not  only  more  readily  executed,  but  invariably  preferred. 

ASSAYING    OF   SILVER   ORES,    BY    COMMON   BLOW-PIPE- 

1,  Select,  or  cut  to  form,  a  cubical,  or  cylindricnl  piece  of  solid  plot 
willow  charroal,  about  one  inch  and  a  half  in  diiinuter,  unci  driU  or  iink  «  rounl 
half'inch  aliaft,  one  inch  deop,  id  the  cmtrt  of  one  of  its  facets ;  and  tbea  dritl 
or  driTe  a  quarter  inch  trensTerse  blast  bole  or  tunnel,  from  one  of  ita  $idei,  I 
eoramnnicftte  therewith,  so  thot  the  bottum  of  this  tnntiel  ghall  enter^  at  m^ 
inch  above  the  bottom  of  the  shallt. 

2,  Tftte  about  five  grains  of  the  sample,  as  carofnllv  averaged  hj  tbe 
method  described  at  page  121,  and  after  reducing  it  to  an  impalpable  poird«r, 
weigh  ont  tu^o  ^raina  for  the  assay  (whtcb  is  twice  the  qtiAtiUty  th»i  Cfttt  be 
treated  by  the  old  method.) 

3«     Weigh  MX  ffrain»  of  Htharffc,   (a   untrersAl    flax  for  an  tbe  mslrioef) 

and  intimntelj  mix  it  with  tbe  two  grains  of  ore. 

4.  Cast  or  brngh  this  miitare  down  to  the  bottom  of  the  shnft.  into  the  , 
charcoal. 

il,  Weigh  itrdvf  grains  of  test  lead,  and  drop  it  down  upon  the  j>it'^it>u»lf  j 
fluxed  ore^  so  that  it  mav  cover  it  entirely^  and  atitl  leave  a  small  pasitage  utefi 
it  from  the  tunnel  to  the  shnft. 

O,     Trinj  your  wick^  flll  the  latnp  witb  the  best  on?e  oil,  ajid  see 
superbitively  good  liame  is  produced^ 

7,     Now  tnke  tbe  charcoal  into  your  lef\  hand,  and  aAer  incIiDing  tbe  i 
towards  the  eve,  and  the  tunnel  to  tbe  v*kk,  blow  a  gentle  htatt  over  the  wie 
just  flo  that  the  wliole  flame  may  pasg  downwards  from  the  blow-pipe  uito  I 
tunnd  and  up  through  the  sbaft,  for  some  two  or  three  minutes. 

8*    As  soon  as  the  litharge  waj^es  over  the  iurf&o<e  of  the   samplCi  it 
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secure  from  all  danger  of  loss,  and  all  your  attention  must  be  devoted  to  pro- 
ducing  the  greatest  possible  heat,  by  a  proper  strength  of  blast. 

About  ten  minutes  is  generally  required,  for  the  completion  of  smelting,  under 
veil  directed  continuous  flame,  and  suitable  oscillation  of  the  assay,  but  the  novice 
will  not  be  able  to  effect  it  in  less  than  fifteen  minutes,  as  he  must  occasionally 
stop  the  blast  to  breathe,  which  (unlike  the  old,  voluminously  fluxed,  open, 
method)  he  is  by  this  closely  covered  mode,  enabled  to  do. 

Those  who  cannot  blow  continuously,  will  find,  that  if  towards  the  end  of  the 
process,  a  piece  of  charcoal,  about  the  size  of  a  pea,  be  placed  in  the  shaft,  the 
radiation  or  loss  of  heat  will  be  but  little  during  breathing  time. 

O.  Allow  the  assay  to  get  quite  cold^  cut  out  the  slag  and  metal  button,  fold 
it  in  a  piece  of  rag,  place  it  on  some  hard  support,  and  hit  it  once  or  twice 
with  a  hammer,  or  hard  stone,  to  clear  the  slag  away,  so  that  the  button  may 
be  brushed  quite  clean  for  cupellation. 

lO.  Take  the  same  or  another  piece  of  charcoal  and  scoop  out  with  your 
knife,  a  ragged  hollow,  on  one  of  its  sides,  about  an  inch  in  diameter  and  a 
half  inch  deep,  which  ram  full  of  fine  moistened  bone  ash,  and  compress  the 
surface  to  a  suitable  concave,  with  a  tea  spoon  or  other  properly  shaped  smooth 
instrument.     Then  slowly  dry  the  ash  by  a  fire. 

11*  When  quite  dry  it  may  be  held  against  the  flame  of  the  blow-pipe, 
brought  to  a  red  heat,  and  the  smelted  button  quickly  placed  thereon  for  refine- 
ment, by  oxidation,  as  follows. 

12S.  Hold  the  supported  metal  in  the  hottest  reducing  flame  from  the  blow- 
pipe until  the  metal  is  thoroughly  fluid  and  almost  white  hot,  then  withdraw 
it  a  very  little,  so  that  the  point  of  the  blue  oxidizing  flame ^  may  hnijwt  reach  the 
front  of  the  button.  Great  care  must  be  taken  to  regulate  the  flame  at  suitable 
dis'ance  at  this  stage  of  the  process,  for  although  the  flame  must  be  kept  for 
oxidizing,  the  heat  should  also  be  sufficient  to  keep  the  metal  quite  molten,  and 
the  bone  ash  hot  enough  to  absorb  the  oxides  of  the  base  metals. 

A  little  practice  will  enable  you  to  perform  in  this  manner,  these  operations  of 
smelting  and  cupellation,  for  the  assay  not  being  encumbered  with  massive 
cartridge  and  borax,  but  mixed  with  this  fusible,  heavy,  compact  flux,  and  thus 
enclosed,  as  if  in  an  actual  furnace,  the  smelting  can  be  much  better  effected  ; 
whilst  the  oxidation  can  also  be  accomplished  far  easier  by  any  one,  on  the 
charcoal,  than  when  the  bone -ash  is  enclosed  in  the  cold  iron  moulds  recom- 
mended in  books.     No  expensive  tools  are  required  for  this  method. 

A8SAYINQ   OF   GOLD — BY   COMMON    BLOW-PIPE. 

Take  from  the  finely  pulverized  sample  of  quartz  say  two  hundred  grains, 
which  carefully  concentrate  by  water  in  the  manner  recommended  in  Chapter 
III,  Section  III ;  and  you  will  generally  find  that  the  weight  of  the  dried  aurif- 
erous residue,  will  be  less  than  the  two  grains  required  for  this  mode  of  assay. 
A  little  puie  muriatic  acid  may  be  sometimes  used  to  g^eat  advantage  to  pasg 
away  the  base  metals  in  solution,  when  the  sufficiently  reduced  residue,  after 
having  been  washed  in  water  and  dried,  can  he  fluxed  and  assayed  as  just  described 
for  silver  ores.     For  roasting  sulphurets  by  blow-pipe,  see  page  311. 

For  methods  of  weighing  the  buttons  and  calculation  of  value  per  ton,  of 
silver  and  gold  assays,  see  page  242. 
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[rmoK  ofpicUL  oorrj 
As  Act  to  Promote   the  Development  op  the  MmixtJ 
Rksoukces   of   the   United   States* — Appboved   May 
10,    1812. 

Be  If  tnacied  by  the  Senate  and  ffoute  of  Reprftmtativet  of  the  Unked  BuUm  ^ 
Ammta  tit  Congru*  OMietnbltd^  Thtitnll  valuobleminerAl  dcpofitsin  liitidf  l>elotig« 
ing  to  the  Uoited  Stoles ^  both  surveyed  and  unsurveyed,  arc  hereby  dectari^d 
lo  be  free  aod  open  to  exploration  and  purchase,  and  the  UndB  in  wbicb  ibty 
are  found  to  occupation  and  purchase,  by  citizeDs  of  the  United  Stales  und 
thoae  who  have  declftred  their  intention  lo  become  such,  under  regulations  pfc- 
9crili«d  by  law,  and  Af^cording  to  the  local  cuHtoms  or  rtile«  of  minerst  in  tUt' 
B4»VL'ra]  mioing-districtii,  so  far  as  the  eftui«  are  a|iplicable  and  not  iQcoadUleni 
vith  the  laws  of  the  United  States. 

Ssc.  2.  That  mining-i'Inima  upon  vdafl  or  lodea  of  qaartx  or  other  rock  ii 
place  bearing  gold^  silver,  cinnabar,  lead,  tin,  copper,  or  other  valuable  deposit* 
heretofore  located^  sljnll  be  governed  as  to  length  along  the  vein  or  lode  by  tho 
customs,  reguliilionB,  and  laws  in  force  at  the  dateof  their  location.  A  uiiaing- 
claim  located  after  the  passage  of  thig  act,  ivhetlier  located  by  one  or  more  pcr- 
SODS,  may  eqnnl^  but  fhall  not  excei*dt  one  thousand  five  hundred  feet  in  lentttt^ 
along  tht;  vein  or  lode  ;  but  no  location  of  a  mining-claim  jfihall  be  tiiad«  nnttl! 
the  discovery  of  the  vein  or  lode  within  the  limiia  of  the  claim  located.  Nd^ 
claim  »hall  extend  more  than  three  hundred  feet  on  each  side  of  the  niiddl*  of 
the  vein  at  the  surface^  nor  shall  any  claim  be  limited  by  any  mining  r«fal4« 
tion  to  k'ssi  than  twenty-live  feet  on  each  eide  of  the  middle  of  the  vein  at  tbi 
surface,  except  where  adverse  rights  estisting  at  the  papsngc  of  this  act  sbi 
render  such  limitation  necesBary.  The  end-lines  of  each  claim  shall  be 
allel  to  each  other, 

Sue.  3.  That  the  locatorj  of  all  mining  locations  heretofore  made^  or  wbici 
shall  hereatter  be  made,  on  auy  mineral  vein,  lode,  or  ledge,  situated  on  thi^ 
public  domain,  their  heira  and  assigns,  where  no  advtrse  claim  exiats  At  Ul# 
passage  of  this  act^  ^q  long  ag  they  comply  with  the  laws  of  the  United  Sui 
and  the  State,  lerritoriaL  and  local  regulations  not  in  conflict  with  said  lawf 
the  United  States  governing  their  pogsessory  title,  shall  have  the  exclusiTe  ri|rhi 
of  posscfision  and  enjoyment  of  all  the  snrfaee  included  within  the  tines  of  thetrj 
locations,  and  of  all  veins,  lodeSf  and  ledges  throughout  their  entire  depth,  tlid 
top  of  apex  of  which  lies  inside  of  such  purface-lines  extended  downward  rertJ-' 
CftlJy*  although  such  veins^  lode»^  or  led gei*  may  so  far  depart  from  a  perpen- 
dicular in  their  course  downward  as  to  extend  outside  the  vertical  side-linet  of 
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said  Burface  locations  :  Provided^  That  their  right  of  possession  to  PUch  outside 
purta  of  such  veins  or  ledget  shall  be  confined  to  5uth  porriona  thereof  as  lie 
between  vertical  pluoes  drawn  down v\*ard  as  aforrsflid,  through  the  eod-lineB* 
of  their  locations^  so  continued  in  their  own  direction  that  such  planes  will 
intersect  such  exterior  parts  of  said  veins  or  ledi^es :  And  pfoHd*d  furthtTj 
That  nothing  in  this  section  sbnll  authorize  the  locator  or  posisessor  of  a  vein 
or  lode  which  eitefids  m  its  downward  course  beyond  the  vertical  lines  of  his 
claim  to  enter  upon  the  surfiice  of  a  claim  owned  or  possessed  by  anoiher, 

Sbc.  4,  That  where  a  tunnel  is  run  for  the  development  of  a  vein  or  lode, 
or  for  the  di&covery  of  minet*,  the  owners  of  such  tonncl  shall  have  the  right  of 
possession  of  all  veins  or  lodes  within  three  ibousaDd  feet  from  the  face  of  such 
tniinel  on  the  line  thereof,  not  previously  known  to  exist,  dtscovered  in  such 
tunnel,  to  the  sume  extent  as  if  discovered  from  the  surface;  and  locations  on 
the  tine  of  such  tunnel  of  veins  or  lodea  not  ap|ieariog  on  the  aurfftcc,  made 
b^-  other  parties  after  the  commencement  of  the  timntd,  and  while  the  same  ia 
being  prosecuted  with  reasonable  diligence^  shall  be  invalid;  but  failure  to 
prosecute  the  work  on  the  tunnel  for  six  monltas  shall  be  considered  as  an 
abandonment  of  the  right  to  all  undii^covered  veins  on  the  line  of  said  tunnel. 

Sbc.  5.  That  the  miners  of  each  mining  district  majr  make  rules  and  rega^ 
lations  not  in  ton  diet  with  the  laws  of  the  United  States^  or  whh  the  livirs  of 
the  State  or  Territory  in  which  the  district  is  situated,  governing  the  location, 
manner  uf  recordings  amotint  of  work  necessary  to  hold  possession  of  »  mining 
claim  subject  to  the  following  requirements  :  The  location  must  be  distinctly 
marked  on  the  ground  so  that  its  boundaries  can  be  readily  traced.  All  records 
of  mining-claims  here  after  made  shalt  coatain  the  name  or  names  of  the  loea* 
tors,  the  date  of  the  location,  and  such  a  description  of  the  claim  or  claims 
located  by  reference  lo  some  natural  object  or  permanent  monument  as  will 
identify  the  claim.  On  each  claim  located  after  the  passage  of  this  act,  and 
until  a  patent  shall  have  been  issued  therefor,  not  less  than  one  hundred  dol- 
lars^ worth  of  labor  ahall  be  performed  or  improvements  made  during  each 
year.  On  all  claims  located  prior  to  the  passage  of  this  act,  ten  dollars'  worth 
of  labor  shall  be  performed  or  improvements  made  each  year  for  each  one  hun- 
dred feet  in  length  along  the  vein  until  a  patent  shall  have  been  issued  therefor  ; 
but  w  Vie  re  such  claims  are  held  in  common,  .such  expenditure  roaj  be  marie  upon 
any  one  claim;  and  upon  a  failure  to  comply  with  these  conditions,,  the  claim 
or  mine  upon  which  such  failure  occurred  shall  be  o]>en  to  re-location  in  the 
same  minncr  as  if  no  location  of  the  same  hnd  ever  been  made  :  Provided,  That 
the  original  locators^  their  heirs,  asaigns,  or  Icgul  repregentiitivcs,  have  not 
resumeii  work  upon  the  claim  after  such  failure  and  before  such  location.  Upon 
the  failure  tif  any  one  of  several  co-owners  to  contribute  his  proportion  of 
the  expenditures  required  by  this  act,  the  co-owners  who  have  performed  the 
labor  or  matle  the  improvements,  may^  at  the  expimtion  of  the  year^  give  such 
delinquent  i'u-t*wner  personal  notice  in  writing  or  notice  by  publication  in  the 
neWBpHper  published  nearest  the  claims  for  at  least  once  a  week  for  ninety  days, 
and  if  at  the  expiration  of  ninety  days  after  such  notice  tn  writing  or  by  publi- 
cation such  delinquent  should  fail  or  refuse  to  contribute  hi.H  proportion  to 
comply  with  this  Act^  bis  interest  in  the  claim  shall  become  the  property  of  his 
co-owners,  who  have  made  the  required  expenditures. 

Sbc.  tj.  That  a  patent  for  any  land  claimed  and  located  for  valuable  dejiosiLs 
may  be  obbiined  in  the  following  manner  :  Any  person,  association^  or  rorporm- 
tion  anthorlKed  to  loctite  a  claim  under  thie  Act,  having  claimed  and  located  ft 
piece  of  land  for  .*uch  purposes^  who  has,  or  have,  complied  with  the  terms  of 
this  Act,,  may  file  in  the  proper  land-office  an  application  for  a  patent^  nnder 
oath,  sho wilier  ^itch  eompliance,  together  with  a  plat  and  field-notes  claim  or 
claims  in  common^  made  by  or  under  the  direction  of  the  United  States  S«r- 
veyor-General^  showing  accurately  the  boundaries  of  the  claim  or  claims,  which 
shall  be  distinctly  marked  by  monuments  on  the  ground,  and  shall  post  a  copy 
of  sucb  plat^  together  with  a  notice  of  such  application  for  a  patent^  in  a  con- 
ipicnous  plaie  on  the  bvud  embraced  iu  such  plat  previous  to  the  filing  of  the 
application  for  a  patent,  and  shall  file  an  affidavit  of  at  least  two  persons,  that 
such  notice  has  been  duly  posted  as  aforesaid,  and  shall  file  a  copy  of  said 
notice  iu  such  land-ollice,  and  shall  thereupon  be  entitled  to  a  patent  for  said 
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land,  in  the  manner  following ;     The  register  of  the  land-office^  upon  the  fiHug 
of  such  application,  plat,   field-notes^  notices,  and  Affidavits,  *htill  publiih  tl 
'QOticc  that  gueh  iipprtcaiion  has  been  mttde,  for  the  pt^riod  of  sixty  dajs^  to  ti 
newspaper  to  be  by  him  designated  as  publi«ibed  nearest  to  said  claim  ;  atixl  he 
shall  also  post   such  notice  in  his  office  for  the  same  period.     The  claimant  li 
the  time  of  filing  ihii*  application,  or  at  any  time  thereafter,  within  tlie  #istf  J 
days  of  pubricAtion,  shall  file  with  the  Register  a  certificate  of  the  IToited  Sutrtl 
Survejor-Gencral  that  five  hundred  dollars^  worth  of  labor  has  been  expeod 
or  improvements  made  U]>oii  the  claim  by  himself  or  grantors  ;   that  the  pUl  i 
correi^t,   with  such  further  description  by  soch  reference  to  nataral  obje 
permanent  nionumentsi  aft  shall  identity  the  claim,  and  furnish  an  accura 
cription,  to  be  incnrporated  in  the  patent.     At  the  expiration  of  the  aiit 
of  publication  the  claimant  ahall  file  hia  affidavit,  ahowtng  that  the  pfataod 
notice  have  bean  put^ted  in  afonspicuona  place  on  the  claim  during  said  period 
of  publication.     If  no  adverse  clnim  shall  have  been  filed  with  the  Re^^teraad 
the   Keceiver  of  tbe  proper  land-office  at  the  expiration  of  Ihe  sixiy  days  cf, 
publication  it  shall  be  assumed  that  the  ap|)llcant  is  entitled  to  a  patent,  apoa 
the  piiymeiit  to  the  proper  officer  of  fis'e  dollars  per  acre,  and  that  no  advur*e 
claim  exit!ts;  iind  thereafter  no  objection  from  third  parties  to  the  i^uanceofl 
patent  shall  be  heard,  except  it  be  shown  that  tbe  applicant  has  fiul«d  to  com* 
ply  with  this  Act. 

Sbc.  7.  Thftt  where  an  adverse  claim  shall  be  filed  during  the  period  of 
pnblk'Atioo,  it  ehall  he  upon  oath  ot  the  person  or  persons  making  the  aamtr. 
and  shall  show  the  nature,  boundaries,  and  extent  of  such  tMlvcrse  claim,  adq 
all  proceedings,  except  the  publication  of  notice  and  making  and  filing  of  lh4 
affidavit  thereof,  sbull  be  sta^'ed  until  the  controversy  shall  have  been  settle 
or  decided  by  a  Court  of  competent  jurisdiction,  or  the  adverse  claim  waired'. 
It  shall  be  the  duty  of  the  adverse  claimant,  within  thirty  days  after  filing  btl 
claim,  10  commeuLC  proceedings  in  a  Court  of  competent  jurisdiction,  to  deter- 
mine the  question  of  the  right  of  posseasion,  and  prosecute  tbe  same  witJl 
reasoniible  diligence  to  final  judgment;  and  a  failure  bo  to  do  shall  be  a  watvei 
of  his  adverine  claim.  After  such  Judgment  shall  have  been  rendered,  the  par^ 
entitled  to  the  poisession  of  the  claim^  or  any  portion  thereof,  may,  wtthocK 
giving  further  notiie,  file  a  certified  copy  of  the  judgment-roll  with  \he  Regis 
tcr  oflhe  land-office,  together  with  the  certificate  of  the  8urveyor*General  tbatl 
the  requiiiite  amount  of  labor  has  been  expended,  or  improvements  thereon,  acdf 
the  description  required  in  other  cases,  and  shall  pay  to  the  Receiver  five  dol- 
lars per  acre  for  bis  claim,  together  with  the  proper  fees,  whereupon  the  wholft 
proceedings  and  the  judgmenl^roll  ^hall  be  certified  by  the  Register  to  ihe  Com^ 
missioncr  of  tbe  General  Lnnd  tjffire,  and  a  patent  shall  issue  thereon  for  lb«^* 
claim,  or  such  portion  thereof  as  tbe  applicant  shall  appear,  from  the  decUtod 
of  the  Court,  to  rightly  possess.  If  it  shall  apptnir,  from  the  decision  of  Ihi 
Court,  that  several  parties  are  entitled  to  separate  and  different  portions  of  the 
clnitn,  each  party  may  pay  for  his  portion  of  the  claim,  with  the  proper  few, 
and  file  the  ccrtifieate  and  desciiption  by  the  Purveyor-General,  whereupon  tli« 
Register  shall  certify  the  proeeedings  and  judgment-rtdl  to  tbe  Commis?ionff 
of  the  Geneml  Land  Uflice,  as  in  the  preceding  case,  and  patents  shall  i>*ac  to 
tbe  scveriil  parties  according  to  ibcir  respective  rights.  Proof  of  cidzenship 
under  this  Act,  or  the  Acts  of  July  twenty-sixth,  eighteen  hundred  and  sixty^ 
s^iT,  and  July  ninth,  eighteen  hundred  and  aeveniy,  in  the  case  of  an  [Qdividqal^ 
may  consist  of  his  own  affidavit  thereof  and  in  case  of  an  association  of  per- 
sons unincorporated,  of  ihe  affidnvit  of  tbeir  antboriKed  agent  made  on  his  own 
knowledge  or  upon  information  and  belief,,  and  in  case  of  a  corporation  organ- 
iKed  under  tbe  laws  of  the  Uriited  States,  or  of  any  State  or  Territory  of  the 
United  States,  by  the  filing  of  a  certified  copy  of  their  charter  or  certificate  of  ] 
incorptiration  ;  and  nothing  herein  contained  shall  be  construed  to  prevent  tbe  I 
ftlieimtiou  of  the  title  conveyed  by  a  patent  for  a  mining  claim  to  n&y  person  < 
whatever. 

Sec.  8-     That  the  description  of  vein  or  lode  elaimB,  upon  turveyed  lands, 
shall  deiiignate  the  location  of  the  claim  with  reference  to  the  lines  of  the  ptibliel 
Burveys,  hut  need  not  conform  therewith ;  but  where  a  patcnl  shall  be  issued  asj 
Aforesaid  for  claims  upon  unsurveyed  lAndi|  ihe  Surveyor*Gencral,  ia  extendifi 


APPENDIX, 


649 


» fiurTejSy  shall  adjust  the  same  to  the  bouQdaries  of  such  patented  clt&im, 

ordinf^  to  the  |jlai  or  descnpt'ion  tbereofT  bui  so  as  in  no  caae  to  interfere 
fill  or  change  the  location  of  any  anch  patented  cUira. 

Skc.  f>*  That  sections  onc^  two,  three,  four  and  six  of  an  Act  entitled  **  An 
Act  grantiny^  the  right  of  way  to  ditch  and  canal  o^vners  over  the  public  hinds, 
and  for  other  purposes/*  approved  July  tw^eoty-sixtb.  eighteen  hundred  and 
sucty-six,  are  hereby  repeakd^  hut  such  repeal  shall  not  affect  existing  rights. 
Applications  for  patents  for  mining  claims  now  pending  may  be  prosecuted  to  a 
final  deci«>ion  in  the  General  Land  Ullice  ;  but  in  such  cades  where  adverse 
rights  are  not  affected  thereby,  patents  may  issue  in  pursuance  of  the  provisions 
of  this  Act ;  and  all  patents  for  minin[j^  cUtims  heretofore'  iasucd  under  the  Act 
of  July  twenty-sixth,  eighteen  hundred  and  sixty-six,  shall  convey  all  therighta 
and  privileges  conferred  by  this  Act  where  no  adverse  rights  exist  at  the  time 
of  the  passage  of  this  Act. 

S«c.  10,  That  the  Act  entitled  "  An  Act  to  amend  an  Act  granting  the 
Tight  of  way  to  ditch  and  canal  owners  ovor  the  public  lands,  and  for  other  pur- 
poses,'' approved  July  ninth,  eighteen  hundred  and  seventy,  shall  be  and 
remain  in  full  force,  except  as  to  the  proccedinga  to  obtain  n  patent,  which  shall 
be  simihur  to  Ihe  proceedings  prescribed  by  gections  six  and  seven  of  this  Act 
for  obtaining  patents  to  vein  or  lode  claims;  but  where  said  placer  claims  shall 
be  upon  surveyed  lands,  and  conform  to  legal  subdivisions^  no  further  survey 
err  plat  shall  be  rci|uircd,  and  all  placer  mining  claims  hereafter  located  shall 
conform  as  near  as  practicable  with  the  United  States  system  of  public  land 
8urveySj  aod  the  rectangular  subdivisions  of  such  surveys,  and  no  such  location 
shall  iDclude  more  than  tweniy  acres  for  each  individual  claimant,  but  where 
placer  claims  cannot  be  conformed  to  legal  subdivisions,  survey  and  plat  shall 
be  made  as  on  unsurveyed  lands;  Pronded^  That  proceedings  now  pending  may 
be  prosecuted  to  their  final  deterraioation  under  existing  laws;  but  the  pro- 
visions of  this  Act,  when  not  in  conflict  with  existing  laws,  shall  apply  to  such 
cases  ;  And  providt^d  ai^o^  That  where  by  the  scgrcffation  of  mineral  bind  in  any 
legal  subdivi>ion,  a  quantity  of  agricultural  laud  loss  than  forty  acres  remains, 
iaid  frtvctiotial  portion  of  agricultural  land  may  be  entered  by  any  party  quali* 
fied  by  law  for  homestead  or  pre-emption  purposes. 

S«c,  11.  That  where  the  same  person,  association  or  corporation  is  in  pos- 
session of  a  placer  claim,  and  also  a  vein  or  lode  included  within  the  bounda- 
ries ibertof,  application  shall  be  made  for  a  pateot  for  the  plncer  claim,  with 
the  statement  that  it  includes  such  vein  or  lode,  and  in  such  cage  (subject  to 
the  provisions  of  this  Act  and  the  Act  entitled  "An  Act  to  amend  an  Act  gnint- 
ittg  the  right  of  way  to  ditch  and  canal  owners  over  the  public  lands,  and  for 
other  purposes,"  approved  July  ninth,  eighteen  hundred  and  seventy)  a  patent 
shnli  i^eui"  for  the  placer  claim,  Including  such  vein  or  lode,  upon  the  payment 
of  live  dulljirs  per  acre  for  such  vein  or  lode  cbiim,  and  twenty -live  feet  of  sur- 
face on  eacli  side  thereof.  The  remainder  of  the  placer  claim,  or  any  placer 
claim  not  embracing  any  vein  or  lode  cbiim,  *hall  be  paid  for  at  the  rate  of  two 
dollars  and  fifty  cents  per  acre,  together  with  all  costs  uf  proceedings;  and 
where  a  vein  or  lode,  such  a^  is  described  in  the  second  section  of  this  Act,  la 
known  to  exist  within  the  boundaries  of  a  placer  claim,  an  application  for  a 
patent  for  such  placer  claim,  which  docs  not  include  an  application  for  the  vein 
or  lode  claitu,  shall  bo  construed  im  a  conclusive  decbiratiou  that  the  claimant 
of  the  placer  claini  has  no  right  to  the  poaaeasion  of  the  vein  or  lode  claim; 
hut  where  the  existence  of  a  vein  or  loJe  in  a  placer  claim  is  not  known,  a 
patent  for  the  placer  claim  shall  convey  all  valuable  mineral  and  other  deposits 
within  the  boundaries  tliercot 

Sec.  12.  That  the  iSurveyor-Oeneral  of  the  United  States  may  appoint  \n 
each  land  district  containing  mineral  lands  as  many  competent  surveyors  as 
shall  apply  for  appointment  to  survey  mining  claims.  The  expenses  of  the  sur- 
vey of  vuin  or  lode  claims  and  the  survey  and  subdivision  of  placer  claims  into 
imallcr  quantities  than  one  hundred  and  sixty  acres,  together  with  the  cost  of 
publication  of  notices,  shall  be  paid  by  the  applicanta,  and  they  shall  be  al 
liberty  to  obtain  the  same  at  the  mot»t  reasonable  rates,  and  they  shall  also  be 
H  liberty  to  employ  any  United  States  Deputy  Surveyor  to  make  the  survey. 
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Tbe  Commissioner  of  the  General  Land  OfRce  sbftll  also  have  power  to  esUb* 
lUh  Ibe  maximum  charg^es  for  surveys  And  publicatioo  of  Qotices  nodct  thii 
Act;  iind,  \a  case  of  excessive  charges  for  publicalioD,  he  miiTr  desi^Ate  asf 
newApftper  pTibli^bed  in  a  land  district  where  mines  are  situated^  for  the  pobH> 
cation  of  mloing  notices  tn  such  diAtrictf  and  to  fix  the  rate:^  to  be  charged  bf 
»och  paper;  and  to  the  end  that  the  Commissioner  may  be  follj  informed  upon 
tbe  subject,  each  applicant  shall  file  with  the  Register  a  sworn  statemeotof 
all  charges  and  fees  paid  by  ^id  apiilicant  for  publication  and  aurvejd,  togeihef 
with  all  fees  and  roonej  paid  the  Register  and  the  Receiver  of  tbe  Qeneral  LsloA 
OfEce,  The  fees  of  tbe  Regiiiter  and  the  Eleceiver  shall  be  6vc  dollara  each  for 
filing  and  acting  upon  each  application  for  patent  or  adverse  claim  fited^  and 
they  shall  be  allowed  the  amount  fixed  by  law  for  reducing  testimony  to  writ- 
ing, when  done  in  the  land  office,  such  fees  and  <kUowances  to  be  paid  liy  tht 
rcdpectiire  parties;  and  no  other  fees  shall  be  charged  by  tbera  Iq  such  eases. 
Notbiog  in  this  Act  shall  be  construed  to  enlarge  or  affect  the  rights  of  either 
party  to  regard  to  any  property  ia  controversy  at  the  time  of  the  passage  of 
this  Act,  or  of  the  Act  entiiled  ^'  An  Act  granting  the  right  of  way  to  dit^h 
and  canal  owners  over  public  lands,  and  for  other  purposes/^  approved  July 
twenty-sixth,  eighteen  hundred  and  sixty-six,  nor  shall  this  Act  affect  any  right 
acquired  under  said  Act ;  and  nothing  in  this  Act  shall  be  conetmed  to  repeal, 
impair,  or  in  any  way  affect  the  pm visions  of  the  Act  entitled  **  An  Act  grant- 
ing to  A,  Siitro  the  right  of  way  and  tithor  privileges  to  aid  in  the  construction 
of  a  draining  and  exploring  tunned  to  the  Comstock  lode,  in  tbe  State  of 
Nevada/'  approved  July  twenty-Hfthf  eighteen  hundred  and  sixty >slx. 

Sk€.  13.  That  all  affidavits  required  to  be  made  under  thiit  Act,  or  the  Act 
of  which  it  is  amendatory,  may  be  verified  before  any  officer  authonxed  10 
administer  oaths  within  the  land  district  where  the  claims  may  be  situated,  and 
all  testimony  and  proofs  may  be  taken  before  any  such  officer,  and  when  duly 
certified  by  the  officer  taking  the  same,  shall  have  the  same  force  and  effect  ai 
if  taken  before  the  Register  and  Receiver  of  the  loodofHce^  In  cases  of  contctl 
as  to  tbe  mineral  or  agricultural  character  of  land,  the  testimony  and  prooft 
may  be  taken  as  herein  provided,  on  personal  notice  of  at  least  ten  days  Co  Uie 
opposing  party  ;  or  if  said  party  cannot  be  found,  then  by  publication  of  at 
least  once  a  week  for  thirty  days  in  a  newspaper,  to  be  designated  by  the  Reg- 
ister ot  the  land  office  as  published  nearest  to  the  location  of  such  land;  and 
the  llegister  shall  require  proof  that  such  notice  has  been  given* 

Shc.  14,  That  where  two  or  more  veins  intersect  or  cross  each  other,  prioriCy'l 
of  title  shall  govern,  and  such  prior  location  shall  be  entitled  to  all  ore  or  min- 
eral contained  within  the  space  of  intcrsiection :  Vrovided^  Aoirecer,  That  th6 
subsequent  location  shflll  have  the  right  of  way  through  said  space  of  intersec- 
tion for  the  pnrpoj*ea  of  tbe  conveuicnt  working  ot  the  .?aid  mine:  And prtfvidtiX 
ako^  That  where  two  or  more  veins  unite,  the  oldest  or  prior  location  shall  takt 
tbe  vein  below  the  point  of  union,  including  all  the  space  of  intersection. 

Sec.   15.     That  where  non-mineral  land  not  contiguous  to  tbe  vein  or  lode  if 
used  or  occupied  by  the  proprietor  of  such  vein  or  lode  for  mining  or  milliag 
purposes,  such  non-adjacent  surface  ground  may  be  embraced  and  included  in 
an  application  for  such  vein  or  lode,   and  the  same  may  be  patented  therewith, 
subject  to  tbe  same  preliminary  requireraents  as  to  survey  and  notice  as  are 
applicable  under  this  Act  to  veins  or  lodes:  Providfd^  That  no  location  here- 
after made  of  such  non-ndjaeent  land  slmll  exceed  five  acres,  and  payment  fof  i 
tbe  same  must  be  made  at  the  same  rate  as  fixed  by  this  Act  for  the  superficies  f 
of  the  lode.     The  owner  of  a  quartz   m\\\  or  reduction  works  not  owning  ft 
mine  in  connection  therewith  may  also  receive  a  patent  for  his  mill  site,  as  pro*  I 
vlded  in  this  section. 

Sfc,  16.     That  all  Acts  or  parts  of  Acts  inconsistent  berewilh  are  hereby  1 
repealed:  Provided^  That  nothing  contained  in  this  Act  shall  be  construed  to 
impair  in  any  way  rights  or  ioteresta  in  miniug  property  acquired  under  exist- 
ing laws. 

Approved  May  10,  1872. 
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Instnictions  from  the  General  Land  Office,  June  xo,  187a. 


» 


MINERAL    LANDS    OPEN 


TO    EXPLORATION,    OCCUPATION    AND 
PURCHASE. 


I 


1.  It  wilt  be  pcTcetTed  that  tho  Hrat  section  of  said  Act  leares  Ibe  mineral 
lauds  in  tbe  public  domain,  siirreyed  or  unsunej^ed,  open  to  explorittiorij  occu- 
pation and  piircbage  by  all  cilizens  of  the  United  £^lutca  and  all  tbose  who  hava 
declared  ihtir  mleation  to  become  such* 

STAirS  OF  LODE  CLAIMS  PREVIOUSLY  LOCATED. 

2.  By  an  eianiintttioQ  t.>f  the  several  secticms  of  the  foregoing  Act  it  will  be 
ieen  that  th«  xtaius  of  lodt«  clatma  l{>catcd  prfvtovi*  to  the  date  thereof  h  not 
changed  wilh  regard  lo  their  tximt  ahnff  (he  lode  or  mtith  of  surface,  such  clairas 
being  rpstncted  and  governed  hoth  as  to  their  l^terai  and  Unear  extent  by  the 
State,  Territorial^  or  local  Lawa^  customs  or  regnlutioDa  whirh  uere  io  force  in 
the  resp4.'ctive  dislriciB  lU  tbe  date  ot  such  locatiotiB  in  so  far  i\a  the  s^ame  did 
not  conMtct  with  the  timltatiOQS  fixed  hjr  the  miniog  statute  of  Julj  26^  1806. — 
(UStat.,  251.) 

3.  Mining  rights  acquired  nnder  «uch  previona  locntions  are,  however, 
enlarged  by  said  Act  of  Maj  10,  1872,  in  the  follo-viiig  respect,  vise  :  The  loca- 
tari»  of  ell  auch  previously  taken  veina  or  lodes,  their  heirs  aod  assigns,  bo  loQg 
aa  thej  comply  with  the  laws  of  Congreaa  and  with  tState,  Territorial  or  local 
regulations  not  in  confliet  therewith,  governing  mining  claims,  ere  invested  by 
said  Act  with  the  exclnsiTe  possetsory  right  of  all  tbe  surface  iocluded  within 
the  lines  of  their  locations,  and  of  all  veins,  lodes  or  ledges  thruyghuiil  their 
entire  depths  the  top  or  apex  of  which  lies  inside  of  auch  surface  lines  extended 
downward  vertically,  allhough  yuch  veins^  lodes  or  ledges  may  so  far  depart 
from  a  perpendicular  in  their  courae  downward  as  to  extend  outside  the  vertical 
stde-iiDcs  of  such  locations  at  the  surface,  it  being  expressly  provided,  bow- 
ever,  that  the  right  of  possession  to  such  oQtside  parts  of  said  veins  or  ledges 
shall  be  ronllned  to  such  portions  thereof  as  lie  between  vcrticnl  planei^  drawn 
downward  ns  aforesaid,  through  the  end  lines  of  their  locatiotis  so  continued  in 
their  own  direction  that  such  planee;  will  intersect  sncb  exterior  parts  of  such 
veins,  ludea  or  ledges  ;  no  right  being  granted,  however,  to  the  claimant  of  such 
outside  portion  of  a  vein  or  ledge  to  enter  upon  the  surface  location  of  another 
claimant. 

4.  It  is  to  be  distinctly  understood,  however,  that  the  law  limits  the  posses- 
sory right  to  veins,  lodes  or  ledges  other  than  the  one  named  in  the  original 
location,  to  such  us  were  not  advertely  daimed  at  the  date  of  said  Act  of  May  IG, 
1872,  and  that  where  such  other  vein  or  ledge  was  »o  adversely  claimed  at  that 
dale,  the  right  of  the  party  so  adversely  claiming  is  in  no  way  impaired  by  said 
Act 

5.  Prom  and  after  the  date  of  said  Act  of  Congress,  in  order  to  hold  the  pos- 
•essory  title  lo  a  mining  v\mm prtrtoiMiy  tocnted^  and  for  which  a  patent  has  not 
been  issued,  the  law  recfuires  that  tax  dottan  nhull  be  expended  annually  in 
labor  or  improvements  on  each  cliiim  of  vne  /tundted  feet  on  the  course  of  the 
vein  or  lode  until  a  patent  shall  have  been  issued  therefor;  hut  where  a  number 
of  such  claims  are  held  in  common  npou  the  eame  vein  or  lode,  the  aggregate 
expenditure  thai  would  be  necesaary  to  hold  all  the  claims,  at  the  rate  often 
dollars  pvr  hundred  feet,  may  he  made  upon  any  one  claim  ;  a  failure  to  com* 
ply  with  thirf  requirement  in  any  one  year  subjecting  the  claim  upon  which  such 
failure  occurred  to  re-localion  by  other  partieSj  the  same  as  if  no  previous  loca- 
tion thereof  had  eser  hf:en  made,  unless  the  claimanle  under  tbe  original  loca- 
tion shall  have  resumed  work  thereon  after  each  failure  and  before  such 
re -location. 
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6.  Upon  tile  failure  of  any  one  of  several  co-owners  of  ft  Vein,  lode  or  le< 
which  has  not  been  patented,  to  contribute  bla  proportion  of  the  expenditur* 
Qifcesaary  to  hold  the  chum  or  claims  80  held  in  ownership  in  common,  the  CO' 
owners  who  have  performed  the  labor,  or  made  the  improrementg  a«  r«i]ulre4 
by  said  act,  raay^  at  the  expirrttion  of  the  yefkr,  give  such  delinquent  co»owBer 
personal  notice  in  writing,  or  notire  by  pubUcation  in  the  newspaper  pab* 
Ikhed  nearest  the  claim^  for  at  least  once  a  week  for  ninety  days^  and  if  opon 
the  expiration  of  ninety  days  atler  auch  notice  in  writing^  or  upon  the  eiptrv 
tion  of  one  hundred  and  eighty  days  after  the  first  newspiiper  pubticatioo  of 
noticei  the  delinquent  co-owner  shall  bare  faiied  to  contribute  his  proportioa 
to  mi>et  such  expenditure  or  improvemcotaj  his  interest  in  the  claim  by  Uw 
pftSErea  to  bid  cu^wncrs  who  have  made  tbe  expeuditarea  or  improvemeati  u 
aforesaid. 

PATENTS  FOE  VEINS  OR  LODES  EERKTOFORE  TSSURD. 

7.  Bights  under  patents  for  vein?  or  lodesi  heretofore  granted  under  prvviooi 
legislation  of  Congress,  are  enlarged  by  this  Act  so  as  to  Invesit  the  patentee, 
bis  heirs  or  aasigns,  with  title   to  all   vein?,  lodes  or  ledges  throughout  tl»pif 
entire  depth ,  the  lop  or  apex  of  whtcb  lies  within  the  end  and  side  boundary 
lines  of  the  claim  on  the  surface,    ag  patented,  extended   downward  verticallf, 
altbougb  such  veins,  lodes  or  ledger  may  so  far  depart  from  a  perpendicular  ia 
their  coorse  downward  ap  to  extend   outside  the  vertical  Bide-lincs  of  the  claim 
at  the  aurface.     The  right  of  posaesiflion  to  «uch  outside  parts  of  such  veins  Of  d 
ledges  to  be  contined  to  such  portifjns  thereof  as  lie  between   vertical  plansjj 
driiwn  downward  through  the  end-lines  of  the  claim  at  tbe  surface,  so  contioaedl 
in  their  owa  direction  that  such  planes  will   intersect  such  exterior  part*  of ' 
Burh  veins  or  ledges  ;  it  being  expressly  provided,  however^  that  all  veins,  lo<ie9  , 
or  ledges  the  top  or  apex  of  which  Hen  inside  such  surface  locations,  otktr  thaa 
the  one  named  in  the  patent,  whiili  were   ndteraety  claimtd  at  the  date  of  said 
Act,  are  excluded  from  sucb  conveyanre  by  patent. 

B.     AppHcations  for  patents  for  mining  claims  pending  at  the  date  of  the  Atii 
of  May  10,  1872,  may  be  prosecuted  to  final  derision  in  the  General  Land  Officii 
and  where  no  adverse  rights  are  affcL'ted  thereby,  patents  will  be  issued,  in  pot^ 
syance  of  the  iirovisions  of  said  Ael» 

MANNER  OF  LOCATING  CLAIMS  ON  VEINS  OR  LODES  AFTER  THl 
PASSAGE  OF  THE  ACT  OF  MAY  10,  1872. 

0.  From  and  after  the  date  of  said  Act,  any  per3on  who  Is  a  citizen  of  thej 
United  States,  or  who  has  declrtred  bis  intention  to  become  a  cttiKen, 
locate,  record  and  hold  a  mining  elaim  of  fiftem  hundred  tineur  (t*i  along  Ihi  I 
course  of  any  mineral  vein  or  lode  subject  to  loctition  j  or  nn  association  of  per^^i 
sons,  severally  qualilied  as  above,  may  make  joint  location  of  such  claim  oG^ 
J\ft€€fi  hundred  ft€t^  but  In  no  event  can  a  location  of  a  vein  or  lode  made  sub* 
quent  to  the  Act  exeeed  fifteen  hundred  feet  si  long  the  course  thereof,  whatever* 
may  be  the  number  of  persons  composing  the  association. 

10.  With  regard  to  the  extent  of  surfuce-ground  adjoining  a  vein  or  lodf^ 
and  claimed  for  the  convenient  working  thereof^  the  Act  provide?  that  the  lat* 
eral  extent  of  locations  of  veins  or  lodes,  made  after  its  passage,  shall  in  no  ca«f 
exctfd  fhrte  himdrtd  Jhl  gh  faih  Jiidr  of  the  van  at  thr  mr/ace^  and  that  no  Atltb  f 
surface  rights  shall  be  limited  by  any  mining  regulations  to  less  than  twenty- 
five  feet  on  each  side  of  the  middle  of  the  vein  at  the  surface,  except  wher8  1 
adverse  rights  existing  at  the  date  of  snid  Act  may  render  such  limitation  nec» 
easary,  the  end  lines  of  such  claims  to  be  in  all  cases  panillet  to  each  other. 

11,  By  the  foregoing  it  will  be  perceived  that  no  lode-claim  located  after  tli«  I 
date  of  said  Act  can  exceed  a  parallelogram  fifteen  hundred  feet  in  length  by  ( 
six  hundred  feet  in  width,  but  whether  surface-ground  of  that  width  can  b«  \ 
taken,  depends  upon  the  local  regulations  or  Stale  or  Territorial  laws  in  force  j 
in  the  several  mining  districts  •  and  that  no  such  local  regnlations  or  Stale  or  1 
Territorial  laws  !*liall  limit  a  vein  or  lode  claim  to  less  than  1,500  feet  along  llilbl 
course  thereof,  whether  the  location  is  made  by  one  or  more  persons,  nor  caflf'l 
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T\^hi5  be  limited  ta  k3«  thtn  flftj  feet  in  widths  unless  adrerse  clairaa 
existing  oo  the  lOih  da^r  ofBfaj,  1872,  render  such  lateral  limitaUon  oecedSiirr. 

13.  It  is  provided  in  snid  Act  th&t  the  miners  of  each  district  mnj  make 
rules  and  regtilatinna  not  in  cooJlict  with  the  laws  of  the  Tnited  States^  or  of 
tlie  State  or  Territory-  in  which  such  dietncts  are  respectively  situated,  gorern- 
ing  the  location,  manner  of  recording,  nnd  nmonnt  of  work  necesi^arjr  to  hold 
possession  of  a  cluim.  It  likewise  requires  that  the  location  must  be  so  dis- 
tinctly marked  on  the  ground  that  its  boundaries  may  be  readily  traced.  This 
is  a  very  iraportaut  matter,  and  locators  cannot  exercisa  too  much  care  in  defin- 
lag  tbeir  locations  at  tlic  ontsei,  inasmuch  as  the  law  requires  that  all  records 
of  mining  locations  made  subsequent  to  its  passage,  shall  contain  the  name  or 
names  of  the  locators,  the  date  of  the  location,  and  such  a  description  of  the  claim 
or  dairru  located^  by  reference  to  some  natural  object  or  permanent  monument, 
aa  will  identify  the  claim. 

13.  The  said  Act  requires  that  no  lode  claim  can  be  recorded  until  after  tbo 
discovery  of  a  vein  or  lode  within  the  limits  of  the  ground  claimed  ;  the  object 
of  whifh  provision  is  evidently  to  prevent  the  encumherinjj^  of  the  district 
mining  records  with  useless  locations  before  suJticient  work  has  been  done 
thereon  to  determine  whether  a  vein  or  lode   has  really  been  discovered  or  not. 

14.  The  clftimaot  should  therefore,  prior  to  rei^ording  bis  clnim,  unless  the 
vein  Clin  be  traced  upon  the  surfuce,  sink  a  flhaft,  or  run  a  tunnel  or  dritl,  to  A 
sufficient  depth  therein  to  discover  and  develop  a  mineral  bearing  vein,  lodti,  or 
crevice  ;  should  determine,  if  possible,  the  general  course  of  such  vein  in  either 
direction  from  the  point  of  discover),  by  which  direction  be  will  be  governed  in 
marking  the  boundaries  of  his  claim  on  the  surface^  and  should  give  the  course 
and  distance  as  nearly  as  practicable  from  the  discovcry-shftft  on  the  claim,  to 
gome  permanent,  well-known  points  or  objects,  such,  for  Instance,  as  stone 
monunienta,  blazed  trees^  the  contluence  of  strenms,  point  of  intersection  of 
weJl-known  gulches,  ravines,  or  roiids,  proiuineni  buttes,  hills,  etc.,  which  may 
be  to  ibe  immeiiiHle  vicinity,  and  which  will  serve  to  perpetuate  nnd  Ex  the 
toctis  of  the  clftim  and  render  it  susceptible  of  identification  from  tho  descrip- 
tion thereof  gix^en  in  the  record  of  locntiong  in  the  difltrict. 

15.  In  addition  to  the  foregoing  data,  the  claimant  should  state  the  names 
of  adjoining  cbtiras,  or  if  none  adjoin,  the  relative  positions  of  the  nearest 
claims  ;  should  drive  a  post  or  erect  a  monument  of  stones  at  each  corner  of 
his  surface-ground,  and  at  the  point  of  discovery  or  discovery^shaft,  should  fli 
a  post,  stake,  or  hoard,  upon  which  should  be  designated  the  name  of  the  lode, 
the  name  or  names  of  the  locators,  the  number  of  feet  claimed,  mid  in  which 
direction  from  the  point  of  discovery,  it  being  essential  that  the  locjitiun  notice 
filed  for  record,  in  addition  to  the  foregoing  description  should  state  whether 
the  entire  claim  of  fifteen  hundred  feel  is  laken  on  one  side  of  the  point  of  dis- 
covcrj',  or  whether  it  is  partly  upon  one  and  partly  upon  the  other  side  thereof, 
and  in  the  latter  case,  how  nmny  feet  arc  claimed  upon  each  side  of  such  dis- 
covery-point. 

16.  Within  a  reasonable  lime,  say  twenty  diiys  after  the  locniioii  sbnll  have 
be«D  marked  on  the  ground,  notice  thereof,  accurately  describing  the  claim  in 
miitiiter  aforesitid,  should  he  filed  for  record  with  the  proper  recorder  of  the 
dislrict,  wht»  will  thereupon  issue  the  usual  certificate  of  location. 

17.  In  order  to  hold  the  possessory  rights  to  a  cluim  of  fifteen  hundred  feet 
of  a  vein  or  lode  located  as  aforesaid,  the  Act  requires  thiU  until  a  jjatent  Rbnll 
have  been  issued  therefor,  not  less  than  one  hundred  dollars^  worth  of  lubur 
fball  he  performed  or  improvements  made  thereon  during  each  year»  In  default 
of  which  the  claira  will  he  subject  lo  re-location  by  any  other  party  having  th« 
necesi^ary  <|ualificntlons,  unless  the  originiil  lonitor,  his  heirs,  nxstgns,  or  legal 
representauves,  have  resumed  work  thereon  njler  guch  failure  and  before  such 
re-location. 

18.  The  importAnce  of  attending  to  these  details  in  the  matter  of  location, 
labor  and  expenditure  will  be  the  more  rendily  perceived  when  It  is  understood 
that  a  failure  to  give  the  subject  proper  attention,  may  iuv:%lidat«  the  claim. 
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TUXNEL    RIGHTS. 

19,  Thi*  fourth  Btctmn  of  the  Act  provideg  thai  where  a  tunnel  is  nin  fof 
the  devclofimeni  of  a  vein  or  lode,  or  for  the  discovery  of  minep,  tlie  owncw  of 
Buch  tnanel  gbwll  have  the  right  of  possession  of  all  ^eins  or  lodes  within  three 
thoufand  feet  from  the  fuce  of  sucli  tunnel  on  the  line  thereof,  not  previottftlf 
known  to  exist,  diPCOviTed  in  Euch  toiiEel,  to  the  ^anie  extent  as  if  discovtfftd 
from  the  sqrface  ;  and  lotnlionn  on  Ibe  line  of  ?nch  tunnel  of  veins  or  lodes  not 
Rppearini;  on  the  surfuce,  made  by  other  parties  after  the  commencement  of  lh« 
tunnel,  and  while  the  same  is  being  prosecuted  wiih  reasonable  diligence^ 
ghall  he  invnlirt;  but  failure  to  prosecute  the  work  on  the  tannel  for  six:  months 
shall  be  cmvgidercd  as  an  Hbundonment  of  the  rigbt  to  all  undiscovered  vein« 
or  lodes  on  the  line  of  said  tunnel. 

20.  The  efl'ect  of  this  serlion  is  simpSj  to  give  the  proprietors  of  a  miningi 
tunnel  run  in  good  faith  the  possessory  right  to  fifteen  hundred  feet  of  anyl 
blind  lodes  cut,  discovered  or  intersected  by  such  tunuel,  which  were  not  pr*- I 
viou»ly  knciwu  to  exist,  within  three  thousand  feet  from  the  face  or  point  of  j 
com  men  cement  of  such  tunnel,  mid  to  prohibit  other  parties,  after  the  com- 
raeneemt:'nt  of  the  tunnel,  fromi  prospecting  for  and  making  locations  of  lodei  1 
on  the  Hfte  thereof  ivn^  within  said  distance  of  three  tbtiusand  feet,  unless  sQch  j 
lodes  appear  up un  the  surface  or  were  previously  known  to  exist, 

2L  The  term  '^face/'  as  used  in  said  section,  is  construed  and  held  to 
mean  the  firf=;t  working  face  formed  in  the  tunnel,  and  to  signify  the  point  at 
which  the  tunnel  actually  enters  cover,  it  being  from  this  point  that  the  thre^ 
thousand  feet  are  to  be  counted,  upon  which  prospecting  is  prohibited  H 
aforesaid- 

2'1.  To  avail  themselves  of  the  beneBis  of  this  provision  of  law,  the  propria 
tors  of  a  mining  tunnel  will  be  required,  at  the  time  they  enter  cover  as  afore*, 
said,  to  give  pmper  notice  of  their  tunnel  location,  by  erecting  a  substantial 
post,  board,  or  monument,  at  the  face  or  point  of  commencement  thereof,  upoa 
which  should  he  poattd  u  good  and  sufficient  notice,  giving  the  names  of  tht 
parlies  or  company  claiming  the  tunnel  right;  the  actual  or  proposed  coo  r»« 
or  direction  of  the  tunnel  ;  the  hight  and  width  thereof,  and  the  course  or  dif- 
tauce  from  such  face  or  point  of  coinmcncemeut  to  some  permanent  well  known 
objects  in  the  vit  inity  by  which  to  fix  and  delermine  the  /ocim  in  manner  here- 
tofore set  forth  iippHcuble  to  loratious  of  veins  or  lodes,  and  at  the  time  of 
posting  Buch  notice  they  shall,  in  order  that  miners  or  prospectors  may  be 
ennbled  to  detennine  whether  or  not  they  are  within  the  lines  of  the  tunnel, 
establish  the  boundary  lines  thereof  by  stakes  or  monuments  placed  along  such 
lines  at  proper  intervals,  to  the  terminus  of  the  three  thousand  feet  from  the 
face  or  point  of  commencement  of  the  tunnel,  and  the  lines  so  marked  will^ 
dt^finc  and  govern  »is  to  the  .(specific  boundaries  within  wbicb  prospecting  fof^f 
lodes  not  previously  known  to  exist  is  prohibited  whili*  work  on  the  tunnel  il^l 
being  prosecuted  with  reasonable  diligence. 

23.^     At  the  time  of  po$;ting  notice  and  marking  out  the  lines  of  the  tunnel 
as  aforesaid,  a  full  and  correct  copy  of  such  notice  of  location  defining  l\ 
tunnel  clnim  must  be  filed  for  record  with  the  mining  recorder  of  the  distric 
to  which  notice  muNt  be  attached  the  sworn  statement  or  declaration  of  tb( 
owners,  ilaimnnts,  or  projeclors  of  su^h  tunnel,  sttting  forth  the  facts  in  th 
case;  stating  the  amoun*.  expended  by  themselves  aTi«i  their  predecessors  \\ 
interest  in   prosecuting  work  thereon  ;  the  extent  of  tht  work  performed,  am 
that  it  is  hona  Jifie  their  intention    to  prosecute  work  ou  the  tunnel  so  1 
and  described  with  reasonable  diligence  for  the  development  of  a  vein  or  lodi 
or  for  the  discovery  of  mines,  or  both,  as  the  case  may  be, 

24.  This  notice  of  location  must  be  duly  recorded,  and,  with  the  said  swom 
statement  attached,  kepi  on  the  recorder's  files  for  future  reference. 

26.  By  a  compliance  with  the  foregoing,  much  needless  difficulty  will  be 
avoided,  and  the  way  for  the  adjustment  of  legal  rights  acquired  in  virtue  of 
said  fourth  section  of  the  Act  will  be  made  much  more  easy  and  ceitain. 

36.  This  office  will  take  pnrticular  care  that  n«  improper  advantage  is  taken 
of  this  proylsion  of  law  by  parties  making  or  professing  to  make  tuntiel  lacft- 
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tionS}  ostensibly  for  the  porpoee  namci!  in  the  statute,  but  really  for  the  pur- 
pose of  monopolizing  the  lands  lying  in  front  of  their  tunnels  to  the  detriment 
of  the  mining  interests  and  to  the  exclusion  of  bonajtde  prospectors  or  miners  j 
hut  will  hold  such  tunnel  clatm&nla  to  a  strict  tonipliance  with  the  termi  of 
the  Act;  and  us  reaaonahk  dUit/mce  on  their  part  in  prosecuting  the  work  is  one 
of  the  ea&en  tial  conditions  of  their  implied  contract^  negligence  or  wtint  ofdue 
diligence  will  be  consltued  as  working  a  forfeilore  of  their  right  to  all  undid- 
covered  veins  on  ihe  line  of  such  lunneh 

_MANNER  OF  PROCEEDING  TO  OBTAIJN    GOVERNMENT  TITLE  TO  VEIN 
Oa  LODE  CLAIMS. 

21,  By  ihe  aixth  section  of  said  Act^  authority  h  given  for  granting  title  for 
mines  by  patent  from  the  Government^  to  any  person,  association  or  corpora- 
tion having  the  necessary  quatificaiions  as  to  Litisenabip  and  holding  the  right 
of  posijcs^ion  to  a  claim  in  cumpltAnce  with  law. 

28.  The  claimant  h  required  in  the  first  place  to  have  a  correct  survey  of 
hii  claim  made  under  authority  of  the  Surveyor-General  of  the  8latc  or  Terri- 
tory in  which  the  claim  lies;  such  purvey  lo  show  with  accumcv  the  ext^jrior 
ftoHtice  buundaries  of  the  claim,  which  boundaries  are  reijuircd  to  be  distinctly 
iDftrked  by  monuments  on  the  ground. 

29.  The  claimant  is  then  required  to  post  a  copy  of  the  plat  of  such  survey 
in  a  conspicuous  place  upon  the  claim*  together  with  notice  of  his  intention  to 
apply   for  a  pHtent  thtrcforj  which  notice  will   give  ihe  date  of  posting,    the 

^name  of  the  claimant^  the  name  of  the  claioi^  mine  or  lode ;  the  mining  district 
^ftnd  county  ;  whether  the  location  is  of  record,  and  if  bo,  where  ihe  record  may 
be  found  ;  the  number  of  feet  claimed  along  ihe  vein  and  the  presumed  direc- 


tion thereof;  the  number  of  feet  claimed  along  Ibe  lode  in  each  direction  from 
the  point  of  discovery,  or  other  will-defined  place  on  the  claim  ;  the  name  or 
names  of  adjoining  claimants  on  the  same  or  other  lodes  ;  or  if  none  adjoiUitbe 
names  of  the  nearest  claims,  etc. 

30.  After  posting  the  said  plat  and  noiice  upon  the  premises,  the  cUiimant 
wili  file  with  the  proper  Register  and  Receiver  a  copy  of  such  plal,  and  the 
field-notes  of  survey  of  the  cluim^  accompanied  by  the  afTuJovit  of  at  least  two 
credible  witnesses  thut  such  plat  and  notice  are  posted  conspictHiusly  upon  the 
claimt  giving  the  date  and  place  of  furh  poE^ting;  a  copy  of  the  notice  so  posted 
to  be  attached  to^  and  form  a  part  of,  said  aflidnvit. 

31 .  Attached  to  the  field-notes  so  filed  must  be  the  sworn  statement  of  the 
claimant  that  he  has  ihc  posseesory  right  lo  the  premises  therein  described,  in 
virtue  of  a  compliance  by  himself  (und  by  bis  grantorSi  if  he  claims  by  pur- 
chase) with  the  mining  rules,  regiilationSf  and  customi  of  the  mining  district, 
State^  or  Territory,  in  which  ihc  claim  lies»  and  with  the  mining  laws  of  CoD- 
greaS)  such  eworn  statement  to  narrate  briefly,  but  »s  clearly  as  possiblet  the 
facts  constituting  such  compliance,  the  origin  of  hh  pog£essJon,  and  the  basis 
of  his  claim  to  a  patenL 

32.  This  ttfB davit  should  be  supported  by  appropriate  evidence  from  the 
tnining  recorder's  office  as  to  bis  possessory  righi,  as  follows,  vix  :  Where  be 
daitns  lo  be  a  locator^  a  full,  true,  «uid  correct  copy  of  such  location  should 
be  furnished,  as  the  paire  appears  upon  the  mining  records;  such  copy  to  be 
attested  by  tte  seal  of  the  Recorder^  or  if  he  has  no  seal,  then  he  should  make 
oath  to  the  same  being  correct,  as  shown  by  his  records;  where  the  apjdicant 
claims  as  a  locator  in  company  with  others,  who  have  since  conveyed  their 
interests  in  the  lode  to  him,  a  copy  of  the  n^riginal  record  of  location  Bbould  he 
filed,  together  with  an  abstract  of  title  from  the  proper  Recorder,  under  seal 
or  oath  m  aforesaid^  tracing  the  co.  oca  tor's  possessory  rights  in  ihe  claim  to 
such  applicant  for  patent ;  where  the  applicanl  claims  only  as  a  pyrcha^er  for 
valuable  considernliun,  a  copy  of  the  location  record  must  be  filed,  under  seal 
or  upon  oiith  tifi  nfore!»aid,  with  an  abstract  of  title  certified  as  above  by  the 
proper  Recorder^  tracing  the  right  of  possession  by  a  continuous  chain  of  con- 
veyaucea  from  Ibe  original  locators  to  the  applicant* 
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33.  In  the  event  of  tbe  raining  records  in  floy  case  having  been  r' ^ ^ 1 

hy  fire  or  otherwise  lost,  affidavit  of  the  fact  ahould  be  made,  and 
evidence  of  possessory  title  will  be  received^  which  may  consist  of  tb^  ,..1^ 
of  tbe  cirtitiMinl,  supported  by  those  of  any  other  parties  cognizant  of  the 
relative  to  hh  localionj  occopancy,  possession,  improvGDients,  &l\;  and  in. 
case  of  lost  records,  luiy  deeds,  certificates  of  location  or  purchase^  or  olhi 
evidence  which  may  be  in  the  claimant's  possession ^  and  tend  to  eatablisb  hit 
claim ^  should  be  filed, 

34.  Upon  the  receipt  of  thefle  papers  the  Register  vUI^  at  the  expeum  of  thi 
claimant,  publish  a  notice  of  such  application  for  the  period  of  sixty  days^  in  k 
newspaper  published  nearest  to  the  claim,  and  will  post  a  copy  of  soch  notice 
in  his  office  for  tbe  same  period. 

35.  The  notices  ao  published  and  posted  must  be  aa  fall  and  complete  ai 
possible,  and  embmce  all  the  data  jciven  in  the  notice  posted  upon  the  claliiL 

36.  Too  much  care  cannot  be  exercised  in  the  preparation  of  theae  notice!, 
inasmuch  as  upon  thoir  accuracy  and  completcnees  will  depend,  in  a  great 
measure^  the  regularity  and  validity  of  the  whtjle  preceedlng. 

3T.     The  claimant,  either  at  the  time  of  filing^  these  papers  with  the  ELegifteTt 
or  at  any  time  daring  the  sixty  days'  publication,  is  rei^uired  to  file  a  certif! 
cate  of  the  Stirveyor^General  that  not  lea*  than  five  hundre<l  dollars' 
labor  hfis  been  expended  or  improvements  made  upon  the  claim  by  the 
cant  or  his  grantors  ;  that  the  plat  filed  hy  the  claimant  is  correct;  tl 
field-notes  of  the  survey,  as  filed,  tuniish  such  an  accurate  description  of  tl 
claim  as  will,  if  incorporated  into  a  patent,  serve  to  fully  identify  the  premi 
and  that  such  rercrence  u  made  there  to  natural  objects  or  permanent  moua-^ 
ments  as  will  perpetuate  and  fix  the  l&eut  thereof. 

38.  It  will  be  tbe  more  convenient  way  to  have  this  certificate  indorsed  by 
the  Surveyor-General,  both  upon  the  patent  and  field*notes  of  survey  filed  by 
the  claimani  as  aforesaid. 

39.  After  the  sixty   days'  period  of  newspaper  publication  haji  expired^ 
claimant   will    file  his  affidavit,   showing  that  the  plat  and  notice  afort«ii 
remained  conj^picoonsly  posted  upon  the  claim  sought  to  be  patented  durinj 
the  said  ^ixty  day'«:  publication. 

40.  r;pon  the  filing  of  this  affidavit  the  Register  will,  if  no  Adverse  claim 
was  filed  in  his  office  during  the  period  of  publication ^  permit  the  claitnanl  tO^^ 
pay  for  the  land  according  to  the  area  given  in  the  plat  and  field*notes  of  sarf^| 
vey  aforesaid,  at  the  rate  of  five  dollars  for  each  acre  and  five  dollars  for  each^^ 
fractional  part  of  an  acre,  tbe  Receiver  issuing  the  usual  duplicate  receipt 
therefor  ;  after  which  the  wliole  matter  will  be  forwarded  to  the  Commissioner  i 
of  the  General  Land  Office  and  a  patent  issued  thereon  if  found  regular 

41.  In  sending  up  tbe  papers  in  tbe  case  the  Register  must  not  omit  certi 
fying  to  the  fact^t  that  tlie  notice  was  posted   in  bis  office  for  the  full  period 
sixty  days,  such  eertificate  to  state  distinctly  when  such  posting  was  done  aii^ 
how  long  continued 

42.  The  consecutive  series  of  numbers  of  mineral  en  tries  must  be  contioiied, 
whether  the  same  are  of  lode  or  placer  claims. 

43.  Tbe  f^urvey or- General  must  continue  to  designate  all  surveyed  mine: 
claims  as  heretofore  by  a  progressive  series  of  numbers,  beginning  with  lot  5< 
37  in  each  township;  the  claim  to  be  so  designated  at  date  of  filing  the  pi 
fleld-not^js,  etc.,    in  addition  to  the  local  designation   of  the  claim  ;  it  beii 
required  in  all  cases  that  the  plat  and  field  notes  of  the  survey  of  a  claim  muil 
in  addition  to  the  reference  to  permanent  objects  in  the  neighborhood^  de^cri' 
tbe  hnvi  of  the  claim  with  reference   to  the  lines    of  public  surveys  by  a  lini 
conneclinjf  a  corner  of  the  claim  with  the  nearest  public  comer  of  the  Cnii 
♦States  surveys,  unless  such  claim  be  on  un surveyed  land  at  a  remote  di:*tance 
from  sui'h  public  corner;  in  which  latter  case  the  reference  by  course  and  di*- 
lance  to  permwnent  objects  in  the  neighborhood  will  be  a  sufficient  de^iignation 
by  which  to  fix  the  lociit  until  the  public   surveys  shall  have  been  closed  upon 
its  boundaries. 
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44*  The  seventb  section  of  ibe  Act  provides  for  adverse  claims;  fixca  the 
tiixie  within  which  they  ^hfkW  he  filed  to  have  legal  effect,  and  pre«cribeB  the 
ttianner  of  their  adjustment. 

45,  Snid  section  re<(uirei9  that  the  adverse  claim  shall  be  filed  during  the 
period  of  publication  of  notice  ;  that  it  mast  be  on  the  oath  of  the  adverse 
claimant;  and  that  it  most  show  the  *♦  na|yr»,^*  Uie  ** AowiMfcinet "  and  the 
**extrnl  **  of  the  adverse  claims. 

In  order  that  this  section  of  the  law  may  be  properlj  carried  into  effect, 
IbUowlng  is  communicated  for  the  inforniation  of  all  concerned. 

47.  An  adverse  mining  claim  must  be  filed  with  the  EtegiBter  of  the  iMtme 
;&nd  office  with  whom  the  application  for  patent  wels  filed,  or  in  his  ibsence 

with  tbe  Rece'ver,  and  within  the  uxij  days'  period  of  newipaper  publication 
cf  notice. 

48.  The  adverse  notice  must  be  duly  awom  to  before  an  officer  authorized 
to  administer  ofttha  within  the  land  district,  or  before  the  Register  or  Receiver; 
it  will  fuUjr  set  forth  the  nature  and  extent  of  the  interference  or  con  diet  | 
whether  the  adverse  partjr  claims  as  a  purchaser  for  valuable  consideration  or 
fts  a  locator;  if  the  former,  the  original  conveyance,  or  a  duly  certified  copy- 
thereof,  should  be  furni^bedj  or  if  the  transaction  was  a  mere  verbal  one,  he 
will  narrate  the  tirciim^unces  attending  the  purchase,  the  date  thereof^  and 
the  amount  paid,  which  facts  should  be  supported  by  the  affidavit  of  one  or 
more  witoesses,  if  any  were  present  at  the  time^  and  if  he  elaimi  as  a  locator 
he  must  file  a  duly  certified  copy  of  the  location  from  the  office  of  the  proper 
Recorder. 

49.  In  order  that  the  *^  hourniarits  ^'  and  '^  extent "  of  the  claim  may  be  shown 
it  will  be  incumbent  upon  the  adverse  claimant  to  file  a  plat  showing  hti 
claim  and  its  relative  sitmition  or  position  with  the  one  against  which  he 
claims,  so  thai  the  etlent  of  the  conQict  may  be  the  better  understood.  Thii 
plat  must  be  made  from  an  actual  survey  of  the  United  States  deputy  surveyor, 
who  will  officially  certify  thereon  t(f  its  correctness;  and  in  addition  there  mast 
be  attached  to  such  plat  of  survey  a  certiftci*te  or  sworn  statement  by  the  sur* 
veyor  as  to  the  approiimate  value  of  the  labor  performed  or  improvemeatt 
made  upon  the  claim  of  the  adverse  party,  and  tue  plat  must  indicate  the  post- 
tioD  of  any  shafts,  tunnels,  or  other  ImprovemeDts,  if  any  such  exist  upon  the 
claim  of  the  party  opposing  the  application « 

60.  Upon  the  foregoing  being  filed  within  the  sixty  dayi  ai  aforesaid,  the 
Eegiater^  or  in  his  abBence  the  Keceiver,  will  give  notice  in  writing  to  both  par- 
fMi  to  the  coQteet  that  such  adverse  claim  has  been  filed,  informing  tbem  that 
the  party  who  filed  the  adverae  claim  will  be  required  within  thirty  days  from 
the  date  of  anch  filing  to  commence  proceedings  in  a  Court  of  competent  juris- 
diction,  Ui  determine  the  question  of  right  of  possession,  and  to  prosecute  the 
lame  with  reasonable  iMligence  to  final  jiidgiDf^nt,  and  thnt  should  such  adverse 
claimant  fail  to  do  so,  hi»  adverse  claim  will  be  considered  waived,  and  the 
application  for  pnteut  be  hIIowlhI  to  proceed  upon  its  merits. 

61.  When  an  adverse  claim  li  filed  as  aforesaid,  the  Register  or  Receiver 
will  indorse  upon  the  same  ibe  precise  date  of  filing*  and  preserve  ii  record  of 
tbe  date  of  notifications  issaed  tbereoo  ;  and  thereafter  all  proceedings*  on  the 
application  for  patent  will  be  suspended,  with  the  exception  of  the  completion 
of  tbe  publication  and  posting  of  notices  and  plat,  and  the  filing  of  the  neces- 
sary proof  thereof.unlil  ihe  controversy  shall  have  been  adjudicated  in  Court, 
or  the  adverse  claim  waived  or  withdrawn. 

62.  Tbe  proceedings  after  rendilioo  of  judgment  by  the  Court  in  such  case 
rare  so  clearly  drfined  by  the  Act  itself  as  to  reader  it  unnecessary  to  enlarge 
1  thereon  in  this  place. 

PLACER   CLAIMS. 

53.  The  tenth  section  of  the  Act  under  conaideration  providei  **  that  the 
Act  entitled  '  An  Act  to  amend  an  Act  granling  the  right  of  way  to  ditch  and 
canal  owners  over  the  public  lands,  luid  for  other  purposes,*  approved  July  9, 
1B70,  Bhall  be  and  remain  in  full  force,  except  a*  to  ibe  proceedings  to  obtnin  a 
patent,  which  shall  be  similar  to  tbe  pr&ceedmgs  preicrlbcd  by  sectionB  six  and 
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eeveo  of  thia  Act  for  obtainiDg  patcDts  for  vein  or  lode  cliilms,  bul  wli«r#  «i^1 
placer  claims  ahull  be  upati  tiasurveyed  liinds  nod  conform  to  Icgftl  subdi 
vUioua,  no  further  aiirvey  or  pliit  shftH  be  required,  and  all  p]«cef  roiimi 
claims  herejifter  located  slmU  cooforro,  ns  nearly  ae  pmcticsble,  witb  the  Uoirei 
Btute^  syslera  of  public  land  sunoys  and  the  rectangular  iubdivision^  of  iuc 
HUrvt')"3,  and  no  such  locations  shall  include  more  than  twenty  acres  for  e«el 
individual  claimant  ;  but  where  placer  claims  cannot  be  confornu'd  to  legtl 
subdivisions,  survey  and  plat  shall  bo  made  as  on  unaurv*eyed  landii/'  etc. 

64.  The  proceedings  for  obtaining  patentij  for  veins  or  lodes  havinj;  alr««<!f 
bern  fully  given,  it  will  not  bi?  necessary  to  repeat  tbeni  here;  it  biMng^  Ihougfat^ 
that  C4ireful  attention  thereto  by  applicants  and  the  local   officer;  will  enahl 
Ihem  to  act  understand ingly  in  the  matter  and  make  sneh  slii^ht  niu  V' 
in  the  notice,  or  otherwise,  tk^  may  be  neceesary  in  iriew  of  I  he  dilfero 
of  the  two  classes  of  cUims,  placer^clatms  being  fixed,  however,  al  t^v^.  «...■-* 
and  fifty  rents  per  acre,  or  fractional  part  of  an  acre. 

65.  The  twelfth  and  thirteemh  sections  of  said  Act  of  July  »,  18*0, 
AS  follows: 

Bkc.  12,    And  be  it  furthrt  matitd^  Th^l  cUimn,  nsunXlj  called  "plticrT^."  tneliiiiifitf  «illl  f  rm* 
DCdejiiMJt,  oxcpptiufr  vitus  nf  quarts.  *jr  wth^r  r^rk*  in  i^actv  whall  h*i  null  i 

Qiidcir  thin  Act,  uuder  like  drcuni»<tArict*t  ttixl  cociilitionii,  vtitf  upon  aimtl ' 

rIdfHl  for  vt'ln  <ir  KkI*  cUliiii*:     Ptovidrd,  TImt  wht'if  the  latnl*  liar*-  In-  v 

tints  irpilw)  Sintfs,  IhtM'titrv  in  ifn  rxtorlnr   \Uwl#  «ball  conform  Vi  tin*  ]•;;*' 
putibc  Immli,  w»  furlhor  eurvvy  or  pfnt  Jn  »itch  case  bflng  rcmiircfl,  iw<i  XUv  Um 
ftt  Lliv  mte  uf  two  dotlarif  ami  tilty  ci-ot#  pirHcro:     Vrwrid^t  fttrthtr^  TUmi  |. 
forty  ncrv^  timy  l»*  wutMllvEdnMl  iitU»  l4«n-»cr<»  tracL» ;  aitJi  tlint  iwo  or  iiiorp  |H«r"iiiiir^,  <>r  n-^i 
of  pt+rwjudf  hrkvii)<c  cuuti^fHiu*!  rlainiA  uf  nii\  «m\  Althmiirh  auch  ctdms  Jiuiy  be  Wm  thwii  1 
«fteh,  may  ninHt.' jvlht  entry  tliMritif;    Ami  providtd  furUifv^  Thai  no  ]t«;iiltlt«ij  y>t  n  f.l.» 
hnrvttfler  nindi*,  phall  t'\iti'd  one  haiidrfd  htkI  MH\y  uort'')'  fur  any  one  jj«ir*t«u  t«r    ^ 
mu*,  wliiili  ^xM^Lion  ^hM\  roiifiniii  \^>  the  United  Htikle*  iunftyp :  *imi  tJoihi«ir  i 
lAinMl  Hb^n  d4?fei«t  or  iuiprdr  any  ho^a  fidt  nri>Miin|»l1uii  or  hom«  i&d  daiui  ihkhi 
ornu(liorix^>  thr  hoir*  of  the  iinpntvt'niVnl4<  ol  any  lufna  Ade  •cttler  !•*  aiiv  |>on  I.M-*^t 

Site    13      Ann  br  it /urtfmr  rmnt'ti,  TImt    v  lnTf'  mUi   iKTson    or    a?i*«K'iiitU'ii.  tli«*y    nnd   tli 
gnuitifrn,  NhAll  hnyti  held  Hod  workfd  ito'ir  j^id  dnijn:«<  a  [tetU^d  •^juhI  t..  !'m    thin    j,r.  -  rlWA   h 
the  fftjitiitf^  of  linittntions  ft»r  mlLinii;  clnlniB  itf  rhe*  Sutto  or  Tcrrifciry  whi  r 
t»'d.  rirWfnci?  of  iKati  pv'^w'ft'iion  niid   wurkiriK  of  the  clninin   fin-  *iK'h  i" 
CHUtfliah  a  ri^t  to  a  patent  tluTi-to  niidor  thiJ*  AcU  in  Mu'  nhtt'tico  ofuov 

hn^tt^ftrr,  ThJit  nothi'nii  in  thia  Act  lilodl  Ix?  daruied  to  iQipHir  fluy  IffU  wlii*  1j  tiiiy  Imn-  .a'  .r)i  0  k 
any  way  wbntitvcr  to  any  mining  claim  or  {Jirr:if>iTty  thereto  attocbtd  prior  to  fhf)  inraouoe  of 
ptivnt. 

Lffi.  Ft  will  be  obsenred  that  that  portion  of  the  first  proviso  to  ^aid  twelftl 
section  which  requires  placer  claims  tipon  siir\'eyed  land*  to  conform  t<»  le^ 
gubdivisionSj  is  repealed  by  tht^  present  atatute  with  rep^rd  to  claims  herclofo! 
located,  but  that  where  such  claims  are  located  previous  to  aunrey  and  */•» 
conform  to  legal  subdivisions^  survey,  plat  and  entry  thereof  may  be  nmd 
Accordinj,^  to  the  l'M>undrie8  fixed  by  local  rule,  but  that  where  such  claims 
conform  to  legal  subdivisions,  the  entry  may  bi*  effected  according  ta  SQ^ 
legal  subdivisions  without  the  necessity  of  further  sun^ey  or  plat. 

57.  In  the  aeeotid  proviso  to  said  twelfth  section,  authority  is  given  for  ll 
Bubdivisioo  of  forty-acre  legal  subdivisions  mto  fm-arre  lots,  which  ta  inlendi 
fo"  the  greater  convenience  of  miner.'*  in  st^gregiitiiig  their  claims  bfilK  ft 
one  another  and  from  intervening  agriculturnl  hind. 

68.  It  18  held  therefore,  that  under  a  proper  con Btr»c lion  of  the  law  ll 
ten-atro  lots  in  mining  districts  should  be  considered  and  dealt  wtlh,  l<i  al 
intents  and  purpoaeSf  as  legal  subdivisions,  and  that  an  applicant  having 
legal  claim  which  conforms  to  one  or  more  of  the.He  ten-acre  lots,  either  ftdjtiiJ 
jng  or  cornering,  may  make  entry  thereof,  lifler  the  uiual  proceeduigi,  will 
further  survey  or  plat. 

59.  In  cases  of  thi.**  kind,  however,  the  notice  given  of  the  applicattoti  mm 
be  very  specific  and  accuntto  in  description,  and  as  the  forty-acre  tract*  mi 
be  subdivided  into  ten^a«rc  lots,  fither  in  the  tbrm  of  gquures  of  ten  by 
chaiiiif,  or  of  parallelograms  five  by  twenty  chains,  so  bmg  as  the  lincts 
parsMel  and  at  right  angles  with  the  lines  of  the  public  surveys,  it  will  be  n 
essary  that  the  notice  and  application  stale  spmiifically  what  ten  acre  IdU 
fought  to  be  patented,  in  addition  to  the  other  data  rei|yired  In  the  notice. 

tiO,  Where  the  too  acre  subdivision  i^  in  the  form  of  a  square  it  may 
described,  for  instiince,  as  the  ''H.  E.  \  of  the  8.  W.  ^  of  N,  W  i/'  or,  if  111 
form  of  a  parallelogram  as  aforeaaid,  it  ttiay  be  described  aa  the  ^' W.  |  of 
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W.  i  of  the  S.  W.  J  of  the  N.  W.  J  (or  the  N.  i  of  the  S.  i  of  the  N.  E.  J  of  the 

S.  E;  J)  of  section ,  township ,  range ,"  as  the  case  may  be  ;  but, 

in  addition  to  this  description  of  the  land,  the  notice  must  give  all  the  other 
data  that  is  required  in  a  mineral  application,  by  which  parties  may  be  put  on 
inquiry  as  to  the  premises  sought  to  be  patented. 

61.  The  proceedings  necessary  for  the  adjustment  of  rights  where  a  known 
vein  or  lode  is  embraced  by  a  placer-claim,  are  so  clearly  defined  in  the  eleventh 
section  of  the  Act  as  to  render  any  particular  instructions  upon  that  point  at 
this  time  unnecessary. 

62.  When  an  adverse  claim  is  filed  to  a  placer  application,  the  proceedings 
are  the  same  as  in  the  case  of  vein  or  lode  claims,  already  described. 

QUANTITY  OF  PLACER  GROUND  SUBJECT  TO  LOCATION. 

63.  By  the  twelfth  section  of  said  amendatory  Act  of  July  9,  1870  (third 
proviso,)  it  is  declared  ^^  that  no  location  of  a  placer-claim  hereafter  made  shall 
exceed  one  hundred  and  sixty  acres  for  any  one  person  or  association  of  per 
sons,  which  location  shall  conform  to  the  United  States  surveys,"  etc. 

64.  The  tenth  section  of  the  Act  of  May  10,  1872,  provides  that  "  all  placer- 
mining  claims  hereafter  located  shall  conform  as  near  as  practicable  with  the 
United  States  system  of  public  land  surveys,  and  the  rectangular  subdivisions 
of  such  surveys,  and  no  such  locations  shall  include  more  than  twenty  acres 
for  each  individual  claimant" 

65.  The  foregoing  provisions  of  law  are  construed  to  mean  that  after  the 
9th  day  of  July,  1870,  no  location  of  a  placer-clai/n  can  be  made  to  exceed  one 
hundred  and  sixty  acres,  whatever  may  be  the  number  of  locators  associated 
together,  or  whatever  the  local  regulations  of  the  district  may  allow ;  and  that 
from  and  after  the  passage  of  said  Act  of  May  10,  1872,  no  location  made  by  an 
individual  can  exceed  twenty  acres,  and  no  location  made  by  an  association  of 
individuals  can  exceed  one  hundred  and  sixty  acres,  which  location  of  one  hun- 
dred and  sixty  acres  cannot  be  made  by  a  less  number  than  eight  bonajide  loca- 
tors, but  that  whether  as  much  as  twenty  acres  can  be  located  by  an  individual, 
or  one  hundred  and  sixty  acres  by  an  association,  depends  entirely  upon  the 
mining  regulations  in  force  in  the  respective  districts  at  the  data  of  the  location; 
it  being  held  that  such  mining  regulations  are  in  no  way  enlarged  by  said  acts 
of  Congress,  but  remain  intact  and  in  full  force  with  regard  to  the  full  size  of 
locations,  in  so  far  as  they  do  not  permit  locations  in  excess  of  the  limits  fixed 
by  Congress,  but  that  where  such  regulations  permits  locations  in  excess  of  the 
maximums  fixed  by  Congress  as  aforesaid,  they  are  restricted  accordingly. 

66.  The  regulations  hei'einbefore  given  as  to  the  manner  of  marking  loca- 
tions on  the  ground,  and  placing  the  same  on  record,  must  be  observed  in  the 
case  of  placer  locations,  so  far  as  the  same  are  applicable ;  the  law  requiring, 
however,  that  where  placer  claims  are  upon  surveyed i^ahXic  lands,  the  locations' 
must  hereafter  be  made  to  conform  to  legal  subdivisions  thereof. 

67.  With  regard  to  the  proofs  necessary  to  establish  the  possessory  right  to 
a  placer  claim,  the  said  thirteenth  section  of  the  Act  of  July  9,  1870,  provides 
that  "  where  said  person  or  association,  they  and  their  grantors,  shall  have 
held  and  worked  their  said  claims  for  a  period  equal  to  the  time  prescribed  by 
the  statute  of  limitations  for  mining  claims  for  the  State  or  Territory  where  the 
same  may  be  situated,  evidence  of  such  possession  and  working  of  the  claims 
for  such  period  shall  be  sufficient  to  establish  a  right  to  a  patent  thereto  under 
this  Act  in  the  absence  of  any  adverse  claim.'* 

68.  This  provision  of  law  will  greatly  lessen  the  burden  of  proof,  more 
especially  in  the  case  of  old  claims  located  many  years  since,  the  records  of 
which,  in  many  cases,  have  been  destroyed  by  fire,  or  lost  in  other  ways  during 
the  lapse  of  time,  but  concerning  the  possessory  right  to  which  all  controversy 
or  litigation  has  long  been  settled. 

69.  When  an  applicant  desires  to  make  his  proof  of  possessory  right  in 
accordance  with  this  provision  of  law,  you  will  not  require  him  to  produce 
evidence  of  location,  copies  of  conveyances,  or  abstracts  of  title,  as  in  other 
cases,  but  will  require  him  to  furnish  a  duly  certified  copy  of  the  statute  of  limi- 
tations of  mining  claims  for  the  State  and  Territory,  together  with  his  sworn 
statement  giving  a  clear  and  succinct  narration  of  the  facts  as  to  the  origin  of 
bis  title,  and  likeiv:ise  as  to  the  continnation  of  his  possession  of  the  mining 
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ground  covered  bj  his  application  ;  the  area  thereof,  tlie  nature  and  extent  of 
the  mining  that  has  been  done  ihereon  ;  whetber  there  has  been  any  opposition 
U>  hia  puSBesaion  or  HtigAtioQ  with  regard  to  hii  claim  ;  and  if  eo,  when  tb« 
lame  ceased;  whether  such  cessation  was  cansed  by  compromise  or  by  judicial 
decree,  and  any  additional  l'acl8  within  the  claimant's  knowledge  baviof  tt 
direct  bearing  upon  hi«  posseEsion  and  bonu  fid$»  which  he  may  desire  to  lab- 
mit  in  support  of  his  claim. 

70.  There  should  tikewtse  be  filed  a  certificate  nnder  seal  of  the  court  faaTinf 
jurisdiction  of  mining  cascB  within  the  judtciiil  district  embracing  the  claim, 
tbat  no  snit  or  aciion  of  any  chnracter  whatever  inTolving  the  right  of  pof ses- 
sion to  any  portion  of  the  claim  applied  for  19  pending,  and  that  there  baa 
been  no  litigation  before  said  court  affecting  the  title  to  gatd  claim  or  any  part 
thereot  for  a  period  equal  to  the  time  fixed  by  the  statute  of  limitations  for 
mining  claims  in  the  State  or  Territory  as  aforesaidj  other  than  that  which  faai 
been  finally  decided  in  favor  of  the  claimant. 

7L  The  cliiimant  should  support  his  narrative  of  fkcta  relative  to  his  poi- 
sessiouf  otcupHucy,  and  improvements  by  corroborative  testimony  of  any  dis- 
interested person  or  persons  of  credibility  who  may  be  eogniKant  of  the  factJ  ia 
the  case  and  are  capable  of  testifying  understandingly  in  the  premises, 

72.  It  will  be  lo  the  advantage  of  claimants  to  make  their  proofs  as  fioU  and 
complete  as  practicable. 

APPOINTMENT  OF  DEPUTY  SURVEYORS  OF  MINING  CLAIMS  — 
CHARGES  FOR  SURVEYS  AND  PUBLICATIONS— F£KS  OF  REGIS- 
TERa  AND  RECEIVERS,  ETC, 

73.  The  twelfth  section  of  the  said  Act  of  May  10,  1872,  provides  for  tbfl 
appointment  of  surveyors  of  mi  n  em  I  claims,  aiitborir^s  the  Commissioner  of 
the  General  Land  OEBce  to  establish  the  rates  to  be  charged  for  surveys  and  for 
aewspuper  publicationB,  prescribes  the  fees  allomed  to  the  local  officers  for 
receiving  and  acting  upon  applications  for  mioing  patents  and  for  adverst 
claims  thereto,  etc, 

74.  The  surveyors  general  of  the  several  districts  will,  in  pursnance  of  said 
law,  appoint  in  each  land  district  as  many  competent  depnties  for  the  surrey 
of  mining  claims  as  may  seek  snrh  Appointment;  it  being  distinctly  understood 
that  all  expenses  of  these  notices  and  suneys  are  lo  be  borne  by  the  mining^ 
claimiintsand  not  by  the  United  States  ;  the  j»ystem  of  making  dfpo^itn  for  rain* 
eral  surveys,  as  rec|nired  by  previous  instructions,  beini!^  hereby  revoked  a4 
regards /«/<i-icfor A- ;  the  claimant  having  the  option  of  employing  any  deputy  sar* 
voyor  within  such  district  to  do  his  work  in  the  fielit. 

75.  With  regard  to  the  platting  of  the  claim  and  other  o^ee'tpork  in  the  Sof- 
veyor-General's  office,  that  oflicer  will  make  an  estimate  of  the  cost  thereof^ 
which  iimount  the  claimant  will  deposit  with  any  United  States  As&istaiil 
Treasurer^  or  designated  depository^  in  favor  of  the  United  States  Treasurer,  td 
be  passed  to  the  credit  of  the  fund  created  by  "individual  depositors  for  sar* 
veys  of  the  public  lands,"  and  file  with  the  Surveyor-General  doplic^tc  certifi- 
cates of  such  deposit,  in  the  usual  manner. 

7G.  The  surveyors  general  wtfl  endeavor  to  appoint  mioenil  depnty  sor* 
Teyors,  as  rapidly  as  pos'^ible,  so  that  one  or  more  may  be  located  in  each 
mining  district  for  tbe  greater  convenience  of  miners. 

71,  The  usnal  oaths  will  be  required  of  these  deputies  and  their  asMstanti 
as  to  the  correctness  of  each  survey  enecuted  by  them. 

78.  The  law  requires  that  each  applicant  shall  file  with  the  Hegister  and 
Beoeivcr  a  sworn  stittcment  of  alt  charges  and  tees  paid  by  him  for  publication 
of  notice  and  fo^ survey;  togKher  with  all  fees  and  money  paid  the  Register 
and  Receiver,  which  sworn  statement  is  required  to  be  transmitted  to  this  of&ctf 
for  the  information  of  the  Cominissioner. 

7th  Should  it  appear  that  excessive  or  exhorbitant  charges  have  been  made 
by  any  suivcyor  or  any  publisher,  prompt  action  will  be  taken  with  the  view 
of  correcting  the  abuse. 

80.  The  fees  payable  to  the  Register  and  Receiver,  for  filing  and  acting  opoo 
applications  for  mineral  laud  patents,  made  nnder  said  Act  of  May  10,  l»^72,are 
five  dollars  for  each  officer,  to  be  paid  by  the  applicant  for  patent  at  the  time 
of  filing,  and  the  like  sum  of  live  dollars  is  payable  to  each  officer  by  an  advene 
claimaul  at  lime  of  tiling  his  adverse  claim. 
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%l*  All  fefs  Of  tliarjiifca  under  this  Act^  or  tbe  acta  of  wbicb  it  is  nmenda- 
tory^  may  b«  paid  in  Uoited  States  carrency. 

81.  Tbe  Register  and  Rpceiver  will,  at  tbe  eloie  of  each  months  forward  to 
tht!  oflioc;  an  abstmcl  of  mining:  Application b  frt«d^  and  a  register  of  rcceiptd^ 
accompanied  with  an  abstract  of  mineral  lands  sold. 

83.  The  fees  and  purchase  money  received  by  Registers  and  Receivers  must 
be  placed  to  the  credit  of  the  United  States  in  the  Receiver's  monthly  and 
quarterly  account,  charing  up  in  tbe  disbursing  account  the  sums  lo  which 
the  Register  and  Receiver  may  be  respectively  entitled  as  fees  and  commiB- 
flious,  with  limitations  in  regard  to  the  leg^al  maximum. 

84.  The  tbirteenUi  section  of  the  said  Act  of  May  10,  1972,  provides  that  all 
affidavits  required  under  said  Act^  or  the  Act  of  which  it  is  amendatory,  may 
be  verified  before  an^  officer  autboriRcd  to  administer  oath  within  ihe  land  dis- 
trict where  the  claims  may  be  situated,  in  which  case  they  will  have  the  same 
force  and  effect  as  if  taken  before  the  Register  or  Receiver,  and  that  in  coses  • 
of  contest  as  to  the  mineral  or  agricuUural  character  of  land,  the  testimony 
and  proofs  may  be  taken  before  any  such  officer  ou  personal  notice  of  at  least 
ten  days  to  tbe  opposing  party,  or  if  said  party  cannot  bo  found,  then,  after 
publication  of  notice  for  at  least  once  a  week  for  thirty  days,  in  a  newspaper, 
to  be  designated  by  tbe  Register  as  published  nearest  to  the  locatton  of  such 
land,  proof  of  which  notice  must  he  made  to  the  Register. 

86.  The  instructions  heretofore  isBued  with  regard  to  disproving  the  minerel 
character  of  lands  are  accordingly  modified  so  as  lo  allow  proof  upon  that  point 
to  be  taken  before  any  officer  autbonaed  to  administer  oaths  within  the  land 
diftrictf  itnd  tfaat  where  the  residence  of  tbe  partieB  who  claim  the  [and  to  be 
mineral  is  known,  such  evidence  may  be  taken  without  publication,  ten  days 
after  the  mineral  claimants  or  affiants  shall  have  been  personally  notified  of  tbe 
time  and  place  of  such  bearing ;  btit  in  coses  where  such  afliants  or  claimants 
cannot  be  served  with  personal  notice,  or  where  the  land  applied  for  is  returned 
OS  mrneral  upon  the  townjsbip  plat,  or  where  the  same  is  now  or  may  hereafter 
be  suspended  for  non-mincrnl  proof,  by  order  of  this  office,  then  the  pnrty  who 
claims  tbe  right  to  enter  tbe  land  as  agricnltural  will  be  rei|uired,  at  his  own 
ozpense,  to  publish  a  notice  ouco  each  week  for  6ve  consecutive  weeks  in  the 
newspaper  of  tbe  largent  circulation  published  in  tbe  county  within  which  said 
land  is  situated,  or  if  no  newspaper  is  pnbliahed  within  aucb  county,  then  in 
a  newjtpaper  ptiiblisbed  in  an  adjoining  county  ;  the  newspaper  in  either  case  to 
be  dcMignaled  by  the  Register  ;  which  notice  must  be  clear  and  specific,  embrac- 
ing the  points  required  in  notices  under  instrnctions  from  this  oftice  of  March 
30)  1872,  and  must  name  a  day  after  the  last  day  of  publicntion  of  such  notice, 
when  testimony  as  to  the  character  of  the  land  will  be  taken,  stating  before 
what  magistrate  or  other  officer  such  hearing  will  be  had,  and  the  place  of  snch 
hearin  g. 

MILL-SITES. 

86.  The  fifteenth  section  of  said  Act  provides,  *'That  where  non^minerot 
land  not  contiguous  to  the  vein  or  lode  is  used  or  occupied  by  the  proprietors 
of  such  veiu  or  lode  for  miining  or  milling  purposes^  such  non-adjacent  surface 
ground  may  be  embi-aced  and  included  in  an  application  for  a  patent  for  such, 
vein  or  bide,  and  ihe  same  may  be  patented  therewith,  subject  to  Ihe  sRme  pre» 
liminEiry  retfuircments  as  to  survey  and  notice  as  are  applicable  under  this  Act 
to  veins  or  lodes  :  Frondfd^  That  no  location  hereafter  made  of  such  non-adja- 
cent  land  shall  exceed  five  acres^  and  payment  for  tbe  same  must  be  mide  al 
the  snuie  rate  as  fixed  by  this  Act  for  the  superficies  of  thu  lode.  The  owner 
of  a  quart7.mill  or  reduction  works^  not  owning  a  mine  in  conuecticju  there- 
with,  may  also  receive  a  pnitent  for  his  mill-site  as  provided  in  this  section.*' 

87.  To  avail  themselves  of  this  provision  of  law,  parties  holding  the  posses* 
Bory  right  to  a  vein  or  lode,  and  to  a  piece  of  land  not  contiguous  thereto,  for 
mining  or  milling  purposes,  not  exceeding  the  quantity  allowed  for  such  pur- 
poses by  the  local  rules,  regulation,  or  customs,  the  proprietors  of  such  vein  or 
lode  may  file  in  the  proper  land  office  their  application  for  a  patent,  under  oath, 
in  manner  already  set  forth  herein,  which  application,  tcigetber  with  the  plot 
and  field^notes,  may  include,  embrace,  and  describe  In  addition  to  tbe  vein  or 
lode,  such  non-contiguous  mill-site^  and  after  due  proceedings  aa  to  notice^ 
etc.^  a  potent  will  be  Issued  conveying  the  same  as  one  claim. 


*?».  ji  iLiicix^  i  =«ir-^y  11  ft  -ac*  if  -iu»  iinii.  !iie  jjtie  .rlAim  shoold  be  des- 
•r;h#Ti  a  ue  iias  ui«i  itvi  lurt*  &■  •  Ljt  y.i.  IT,  jl, •  Aad  site  oiill-site  as  "Lot 
S*^  r  a.  '  ir  -mzLtO'^Kr  11*7  i*  is  uiurnpnaie  :iam<sr'x;Ll  designation ;  the 
%vir-^  Mil  lifoai-'f  Tnm  &  -inrr  n  -ne  auU-fltt  -ja  a  lacaer  of  tbe  lode  claim 
-.»  ><*  nr  iraiu7  ^i-^-i  Ji  =sii;a  piat  uni  ±t^a  lavits.  uiii  x  ':opj  of  the  plat  aod 
SAue^  u  lOQilfanua  :br  inieai  siist  le  -jOfDieiuoaij  ported  apoa  the  mill-eite 
u  ■W'»ti  M  ip*ia  -ue  -^-a  ir  .mLe  tir  rsitt  -Tjicuiurj  piriiad  of  siztT  davs.  In 
TUki^n^  Till*  *arr7  m  s*-aifcnue  r^iaspt  jr  !-rriio«e  M«it  b«  :^^ed  for  the  mill- 
«u».  lat  :ai»  ▼atue  kr-A  ji  Juta  .inic  laa  nill-ate  wiZl  b«  embraced  in  one 
•a'r-  -a»?  inra  ■i**;ruf  i-«5  luil^m  iic  iita  A»:r«  ia*l  ±^«:tioiiAl  part  of  an  acre 
ignnnki-pit   if  -Hii-ii  .oiitr  icn  luH-HFiTe  :iAim. 

■•y  ji  *jfc«e  "lie  iw^cr  if  "ae  irxarrs-ii*:i  ir  r^tin^rcoa  works  is  not  the  owner 
■ir  ::aiaiaiiE  ir  \  '•tm.  ir  '.u*u^.  "an  la^  p«;r3Li.C3  jujil  to  ouuEe  ^plicmtion  therefor 
ji  -jrt  uune  siuxner  pr*=*'r:i3i*ii  its^m  iar  -n;mng:  rLaixnai.  and  after  due  notice 
Mill  pn«TiH»«ting*.  -a  "rae  *ns4;ai-tt  jf  i  -al;*t  jirf-rse  ilin^.  to  eater  and  receive  a 
parj»nc  5ir  au*  aul.-siUt.  «£  nuii  ir.!:-  ity  j»:rt. 

>*j  J  *^-^rj  !aee  "aer*  am^c  i«  h  sac£ai:sunr  proof  that  the  land  claimed 
aa  \  ai:U-iir«t  ^  aor  3i:ii»fr»I  .n  :aan.:rstr.  wiuia  prr^f  maj.  where  the  matter  13 
ia«iiii»sCkiiae-i.  tiiojisC  ic  lae  iwira  K^&z-ioKau  jfii-±  «:LaIaijuit.  supported  bvthat 
•if  uie  /;r  3ii:r»  liiincdr-tsUti  perioad  ::&paju*  ±-:m  xci^xaintance  with  the  land 
M  'jfAtw^  iaiiitr»rjuiit:3;r.7 

>..  Tb.'*  Law  -tiprsssLj  Imra  3i:Il-4;as  locas^uas  aiade  from  and  after  its 
yik^^A^  •-•.  .ir-s  irr-w.  -at  wiruer  «*:  wu«m  x$  :aAS  caa  be  located  depends  upon 
till-  ..•>ca.  !i.*v>mi.  n.*i.  3r  r-tT^^'-*^- 

>■:  Tie  iJf^LSUn  lai  S^rtHT-rs  wiL  3c«erre  an  onbroken  consecutive 
**r:e3  -if  iimhers  5:r  il.  ti  ijfrfcl  -mines. 

PSiX'F   OF   CmZZySEI?   of   MIXiyG   CULniAXTS. 
'f'^.     Th*  pro«:f  a-KiWiarj  :o  *sai:l:*ii  lae  ciriienship  of  applicants  for  mining 

pati*a-J!,  whtther  la  ier  "±-*  ?«-*«a:  ir  pa^:  eoacraxenu,  it  will  be  seen  by  refer- 
*n'*  ••-.  -.h*  i^r*-:'z  §.f  •-.  -  ::'  '.'z  i  A  :  -z  frr  :cz5.  i-raii-  2.  maj  consist"  in  the 
■^.t».^  -,-  t-  ..-.  :.T  iitl  :.t:r  AT-.  :  1  r  :*-  if^iiv-.-  .;:"  -.le  fact  :  in  ilie  case  of 
1-.  t'  ••  ..i-  1  .:'  T-Ti  If  ->  .1  "-.rsT-::  ::  \zt  if:  i.v;;  ...i  their  authorized 
;»y*-.-  "ii'  :-  i.-  :-«^-  ir.;».-UT  :r  .r  -  -.zr'.nLiTivE  Acd  belief,  that  the 
'^-  -:*.  -.-.-.•-'•^r-  .:  --  -  i?:^:  •.•.:z  :r-r  ..:-irzf  .ir  i  :n  'he  case  ut  an  incor« 
:,-.•<'*  ;  -y.^Li  iz- .  ■■.rz^z.i^i  -z  '.-.r  -.zz  \  .^-f  .:  ti^  l  z::ti  States,  or  the  laws  of 
k'.-;  -•.%>   .:  Tr.-r:*-  .-7  .:  -.-c  L'l;-.t:  5:j::t>.  \t  :ce  dling  of  a  certified  copy  of 

Tr.'-r   -.:f.  ii-'i-T     *      :*..:- r«_.:     -i;.     -  ^-  -dk^rn  before  the   Register  or 

r-   '.:  '.:..    .-.h-rr  ■.  ±  -rr^-:!   r.i- i  :-.   •- •>-:z:5:er  oaihs  within  the  district, 

C^p>-    .!  'Zf:  fr-r..    .s  nLir/:'  j  f-:  .:ts  . :'  «\:i:^-ress,  dated  respectivvlj 

*,    .-','..  ;ii:  •>' .7 '/.  : -■   ..-.:-.  f.rr-::,  ^rtA/rnr.i.     ^e•.tio^^  one.  two,  three, 

,',  :  -.7.  ',:  '.\.*-  :  r:..rr  r.-irt  t\ir*  ?«';.    rrrr.ilei  tv  the  ninth  section  of  the 

\f:;.   .  ..  .-Tj.  <4:-.r'-"i  i:'i.  •^l:-.:.  .z   :'.s  sixteeritc  section  also  repeals  all 

;.l  ;.-»,-!:-  ',:  A-  !:•  ir.-  'ir^:?*.e::t  wi::.  ::?  pr'^-visions. 

'»'';.     7r>-  J«.r*-ifo::j;f  will  be  :^'.:..  w..  i  in  -iae  time  bv  such  further  instructions 

nn  -irf-.i-Ai  */jL\,*:T .*:i.' *:  \ix  tL*:  adn.ici-trati-  r.  or"  i\\v  statute  mav  render  necessary. 

V<:rv  re?pei.tfu;!v.   vcur  obedient  servimt. 

Willis  Drummosd.  Commissioner. 
To  iU:'/]-U'.r'i  and  Receivers,  and  Survevors  General. 

A.-CHAP.  CCLXII. 

AN  Ar;T  GltANTlNG  THE  RIGHT  0¥  WAY  TO  DITCH  AND  CANAL 
OWNKRH  itVKli  THE  PrRLIC  LAND.S,  AND  FOR  OTHER  PURPOSES. 
///  1/  rnarftd  hy  thf.  Smatf.  and  House  of  Representatives  of  the  Vnittd  States  of 
ArMnni  in  donyresM  assfrnhled^  That  the  mineral  lands  of  the  public  domain,  both 
nurvyud  find  ijn.aurve\ed,  are  hereby  declared  to  be  free  and  open  to  explora- 
tion (inri  o'<  ijpation  by  all  citizens  of  the  IJnited  States,  and  those  who  hare 
de<i<iri:d  their  intention  to  become  citizens,  subject  to  such  regulations  as  may 
b«-  jiM-Hcribed  by  law,  and  subject  also  to  the  local  customs  or  rules  of  the 
miiMTH  in  the  Heveral  mining  districts,  so  far  as  the  same  may  not  be  in  con- 
DicL  v'ith  the  laws  of  the  United  States.     [Repealed.] 
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SitJ.  2.  And  b*  it  fmrtker  mmeted.  That  whenever  any  person,  or  association 
of  persons,  claim  a  vein  or  lode  of  quartz,  or  other  rock  in  plHCC,  bearing  gold, 
silver,  cinnabar,  or  copper,  having  previoosly  occupied  and  improved  the  same 
according  to  the  local  custom?  or  rule?  of  miners  in  the  district  where  the  same 
is  situated,  and  having  expended  in  actual  labor  and  improvements  thereon  an 
amount  of  not  less  than  one  thousand  dollars,  and  in  regard  to  whose  posses- 
sion there  is  no  controversy  or  opposing  claim,  it  shall  and  may  be  lawful  for 
said  claimant,  or  association  of  claimants,  to  file  in  the  local  land  office  a 
diagram  of  the  same,  so  extended  latterly  or  otherwise  as  conform  to  the  local 
laws,  customs,  and  rules  of  miners,  and  to  enter  such  tract  and  receive  a  patent 
therefor,  granting  such  mine,  together  with  the  right  to  follow  such  vein  or 
lode  with  its  dips,  angles,  and  variations  to  any  depth,  although  it  may  enter 
the  land  adjoining,  which  land  adjoining  shall  be  sold  subject  to  this  condi- 
tion.    [Repealed] 

Sic.  3.  And  U  U  furtker  enaei^d,  That  upon  the  filing  of  the  diagram  as  pro- 
vided in  the  second  section  of  this  Act,  and  posting  the  same  in  a  conspicuous 
place  on  the  claim,  together  with  a  notice  of  intention  to  apply  for  a  patent, 
the  Register  of  the  land  office  shall  publish  a  notice  of  the  same  in  a  newspa- 
per published  nearest  to  the  location  of  said  claim,  and  shall  also  post  such 
notice  in  his  office  for  the  period  of  ninety  days  ;  and  after  the  expiratiou  of 
said  period,  if  no  adverse  claim  sbuU  have  been  Hied,  it  shall  be  the  duty  of  the 
Surveyor-General,  upon  application  of  the  party,  to  survey  the  premises  and 
make  a  plat  thereof,  indorsed  with  his  approval,  designating  the  number  and 
description  of  the  lo<ation,  the  value  of  the  labor  and  improvements,  and  the 
character  of  the  vein  exposed ;  and  upon  the  payment  to  the  proper  officer  of 
five  dollars  per  acre,  together  with  the  cost  of  such  survey,  plat,  and  notice, 
and  giving  satisfactory  evidence  that  the  diagram  and  notice  have  been  posted 
on  the  claim  during  said  period  of  ninety  days,  the  Register  of  the  land  office 
shall  transmit  to  the  General  Land  Office  said  plat,  survey  and  description,  and 
a  patent  shall  issue  for  the  same  thereupon.  But  said  plat,  survey,  or  descrip- 
tion shall  in  no  case  cover  more  than  one  vein  or  lode,  and  no  patent  shall 
issue  for  more  than  one  vein  or  lode,  which  shall  be  expressed  in  the  patent 
issued.     [Repealed.] 

Skc.  4.  And  be  it  further  enwted,  That  when  such  location  and  entry  of  a 
mine  shall  be  upon  unsurveyed  lands,  it  shall  and  may  be  lawful,  after  the 
extension  thereto  of  the  public  surveys,  to  adjust  the  surveys  to  the  limits  of 
the  premises  according  to  the  location  and  possession  and  plat  aforesaid ;  and 
the  Surveyor-General  may,  in  extending  the  surveys,  vary  the  same  from  a  rec- 
tangular form  to  suit  circumstances  of  the  country  and  the  local  rules,  laws, 
and  customs  of  miners  :  Provided^  That  no  location  hereafter  made  shall  exceed 
two  hundred  feet  in  length  along  the  vein  for  each  locator,  with  an  additional 
claim  for  discovery  to  the  discoverer  of  the  lode,  with  the  right  to  follow  such 
vein  to  any  depth  with  all  lU  dips,  variations,  and  angles,  together  with  a 
reasonable  quantity  of  surface  for  the  convenient  working  of  the  same,  as  fixed 
by  local  rules.  And  provided  further,  That  no  person  may  make  more  than  one 
location  on  the  same  lode,  and  not  more  than  three  thousand  feet  shall  bo 
taken  in  any  one  claim  by  any  association  of  persons.     [Repealed.] 

Sec.  5.  And  be  it  further  enacted,  That  as  a  further  condition  of  sale,  in  the 
absence  of  necessary  legislation  by  Congress,  the  local  Legislature  of  any  Stato 
or  Territory  may  provide  rules  for  working  mines  involving  casements,  drain- 
age, and  other  necessary  means  to  their  complete  development;  and  those  con- 
ditions shall  be  fully  expressed  in  the  patent. 

Sec.  6.  And  be  it  further  enacted,  That  whenever  any  adverse  claimants  to 
any  mine,  located  and  claimed  as  aforesaid,  shall  appear  before  the  approval  of 
the  survey,  as  provided  in  the  third  section  of  this  Act,  all  proceedings  shall 
be  stayed  until  final  settlement  and  adjudication,  in  the  courts  of  competent 
jurisdiction,  of  the  rights  of  possession  to  such  claim,  when  a  patent  may  issut 
as  in  other  cases.     [Repealed] 

Sec.  7.  And  be  it  further  enacted,  That  the  President  of  the  United  States  be, 
and  is  hereby  authorized  to  establish  additional  land  districts,  and  to  appoint 
the  necessary  officers  under  existing  laws,  whenever  he  may  deem  the  sam« 
necessary  for  the  public  convenience  in  executing  the  provisioi^s  of  this  Act 
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S«c.  B.  And  he  U  furthir  macted,  That  the  right  of  w»y  for  the  constrncUm 
of  higbways  over  public  lands ^  not  reaerved  for  public  uses,  is  hereby  irrtated. 

Skc.  9,  And  be  il  further  macted^  That  whenever,  by  priority  of  posscjsion^ 
rights  to  the  use  or  water  for  minlag^  agriculturAl,  mat)  ufiictu ring,  or  otbtr 
purposes,  have  vested  and  accrued,  and  the  same  are  recognized  and  aekotiwU 
edged  by  the  local  cusioma,  lawa^  and  the  decisions  of  courts,  the  possesion 
and  owners  of  such  vested  rights  shall  be  maintained  and  pnii«cied  in  ihe 
same;  and  the  right  of  way  for  the  constructiOQ  of  ditches  and  canals  fur  the 
purposes  aforesaid  is  hereby  acknowledged  and  Cjonfirmed:  Providtd^  hoitn^t 
That  whenever^  after  the  passage  of  this  Act,  any  person  or  person  b  shall^  in 
the  construction  of  any  ditch  or  canal,  injure  or  damage  the  possessiou  of  any 
settler  on  the  public  domain,  the  party  committing  such  Injury  or  damage  «b»U 
bo  liable  to  the  party  injured  for  aucb  injury  or  damage. 

Skc.  10.  And  be  it  furthfr  enneied^  That  wherever,  prior  to  Ihc  passage  Of 
ibis  Act,  upon  the  landfi  heretofore  designated  as  mineral  Irind^,  which  have 
been  excluded  from  survey  and  sale,  there  have  been  homesteads  made  by  citi- 
sens  of  the  United  States,  or  persons  who  have  declared  their  lotention  to 
become  citizens,  which  bomcsteadg  have  been  made,  improved,  and  tified  for 
agricultural  purposes,  and  uj^on  wbkh  there  have  been  no  valuable  mines  of 
gold,  silver,  cinnabar,  or  copper  discovered,  and  which  ar»  properly  agricul* 
tural  liinds,  the  said  s>eUlers  or  owners  of  such  homesteads  shall  have  a  Hgbi 
of  pre-emption  thereto,  and  shall  be  entitled  to  purchase  the  same  at  the  price 
of  one  dollar  and  tweuty-five  cent^  per  acre,  and  in  quantity  not  to  exceed  one 
hundred  and  sixty  acres  ;  or  said  parties  may  avail  themselves  of  the  provisloaf 
of  the  Act  of  Congress  approved  May  twenty,  eighteen  hundred  iind  sUty-iwg, 
entitled  "An  Act  to  secure  homesteads  to  actual  settlers  on  the  pnbltc  domain,** 
acts  amendatory  thereof. 
^Ssc.  U.  And  be  it  further  enacted^  That  upon  the  survey  of  the  landi  afor^ 
aid,  the  Secretary  of  the  Interior  may  designate  and  set  apart  such  portions  of 
the  »atd  lands  as  are  clearly  agricultural  lands  which  lands  shall  Iherenfter  be 
subject  to  pre-emption  and  sale  as  other  public  laods  of  the  ITnited  8tati 
subject  to  all  the  laws  and  regulations  applicable  to  the  same. 

Approved  July  26,  1866, 


B -CHAP.  CCXXXV. 


ate.^^ 


AN  ACT   TO    AMEND    "AN   ACT  GKANTING  THE   RIGHT  OF  WAY  TO 
DITCH    AND    CANAL    OWNERS  OVER   THE   PUBLIC    LANDS,   AND, 

FOR  OTHER  PURPOSES/' 

Be  it  enacted  by  the  Srnate  and  ffoiue  of  Rtpresentativef  of  the  I'nited  Sim 
Amrrira  in  Conffrctx  a*xtmhUd^  That  the  Act  graQiing  the  right  of  way  lo  i 
and  canal  owners  over  the  public  lands,  and  for  other  purpoges,  approved  \  __ 
twenty-six,  cighterti  hundred  and  sixty-six,  be,  and  the  sume  is  hereby  amended ] 
by  adding  thereto  the  follo'ving  additional  scctioDB,  numbered  twelve,  thirteen,  I 
fourteen,  tifleen,  sixteen^  and  seventeen,  respectively,  which  shall  hereafter  coB-| 
ttitute  and  form  a  part  of  the  aforegaid  Act : 

Skc.  12.  And  be  tt  further  enacted,  That  claims,  usually  called  "placers/' I 
including  all  forms  of  deposits  excepting  veine^  of  qnartr.,  or  other  rock  ia  plaef^l 
shall  be  subject  to  entry  atid  patent  under  this  Act,  under  like  c i re um stances  1 
and  conditions,  and  upon  similtir  proceedings,  as  are  provided  for  vein  or  lodaj 
claims :  Provided.^  That  where  the  lands  have  been  previously  surveyed  1 
United  Stales,  the  entry  in  itd  exterior  limits  shall  conform  to  the  legal  i 
visions  of  the  public  lands,  no  further  purvey  or  plat  in  such  case  being  reqo 
and  the  lands  may  be  paid  for  at  the  rale  of  two  dollars  and  fiAy  cents  pi-r  airrail 
Provided  further^  That  legal  subdiTi^ions  of  forty  acres  may  be  subdivided  into] 
ton*acre  tracts ;  and  that  two  or  more  persons,  or  associations  of  penona,  kav" 
eontiguoQS  claims  of  any  size,  although  such  claims  may  be  legs  than  ten  ac 
each,  may  make  joint  entry  thereof;  And  provided  further^  That  no  location  \ 
a  plscer  claim,  hereafter  made,  shall  exceed  one  hundred  and  sixty  acre-s  fofi 
any  one  person  or  association  of  persons,  which  location  shaU  conform  to  thtl 
United  States  surveys;  and  nothing  in  this  section  contained  thai!  defeat  of  j 
impair  any  bona  fide  pre-emption  or  homestead  claim  upon  agricultural  landi,  or 
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authorize  the  sale  of  the  improTemente  of  any  bonafah  settler  to  anj  purchase: 

Sic.  13.  And  be  it  further  enacted^  That  where  said  person  or  association, 
they  and  their  grantors,  sliall  hare  held  and  worked  their  said  claims  fbr  a 
period  of  eqaal  to  the  time  prescribed  by  the  statute  of  limitations  for  mining 
claims  of  the  State  or  Territory  where  the  same  may  be  situated,  evidi^nce  (>r 
such  possession  and  working  of  the  claims  for  such  period  shall  be  sufHcienl 
to  establish  a  right  to  a  patent  thereto  under  this  Act,  in  the  absence  of  any 
adverse  claim  :  Provided,  however,  That  nothing  in  this  Act  shall  he  deemrd  to 
impair  any  lien  which  may  have  attached  in  any  way  whatever  to  any  mining 
claim  or  property  thereto  attached  prior  to  the  issuance  of  a  patent. 

Seo.  14.  And  be  it  further  enacted,  That  all  ez  parte  affidavits  required  to  b« 
made  under  this  Act,  or  the  Act  of  which  it  is  amendatory,  may  be  veriHeti 
before  any  officer  authorized  to  administer  oaths  within  the  land  district  wher« 
the  claims  may  be  situated.. 

Sic.  15.  And  be  it  further  enacted.  That  Registers  and  Receivers  shnll  receive 
the  same  fees  for  their  services  under  this  Act  as  are  provided  by  law  for  like 
services  under  other  Acts  of  Congress  ;  and  that  effect  shall  be  given  to  the 
fbregoing  Act  according  to  such  regulations  as  may  be  prvvorlbed  by  the  Oom> 
missioner  of  the  General  Land  Office. 

Sio.  16.  And  be  it  further  enacted.  That  so  much  of  the  Act  of  March  thlrt|| 
eighteen  hundred  and  fifty -three,  entitled  *'  An  Act  to  provide  for  the  survey  of 
the  public  lands  in  California,  the  granting  of  pre-emption  rights,  ami  lor  other 
purposes,"  as  provides  that  none  other  than  towuHhlp  linen  vhall  be  surveyed 
where  the  lands  are  mineral,  is  hereby  repealed.  And  the  public  surveys  are 
hereby  extended  over  all  such  lands  :  Provided^  That  all  sulMllviillng  of  sur- 
veyed lands  into  lots  less  than  one  hundred  and  sixtv  acreii  may  be  done  by 
county  and  local  surveyors  at  the  expeniie  of  the  eUiniants :  And  prmndM 
further,  That  nothing  herein  contained  shall  require  the  Murvcy  of  waitle  ur  use* 
less  lands. 

Skc.  17.  And  be  it  further  enacted.  That  none  of  the  rights  conferred  by  sec- 
tions five,  eight,  and  nine  of  the  Act  to  which  this  Act  \n  amendatory  idialt  be 
abrogated  by  this  Act,  and  the  same  are  hereby  extended  to  all  publli*  lauds 
affected  by  this  Act;  and  all  patentii  granted,  or  pre-emption  or  liomeMteads 
allowed,  shall  be  subject  to  any  vested  and  accrued  water  rightu,  or  rlghtu  to 
ditches  and  reservoirs  used  in  connection  with  such  water  rlghtu  an  may  have 
been  acquired  under  or  recognized  by  the  ninth  section  of  the  Act  of  which  this 
Act  is  amendatory.  Bnt  nothing  in  this  Act  shall  be  construeil  to  repeal, 
impair,  or  in  any  way  affect  the  proviiiions  of  the  "  Act  grantiug  to  A.  Mutro 
the  right  of  way  and  other  privileges  to  aid  in  the  conmructlon  of  a  draining 
and  exploring  tunnel  to  the  (/omntock  lode,  in  the  State  of  Nevada,"  approved 
July  twenty-fifth,  eighteen  hundred  and  sixty-six. 

Approved  July  9,  1870. 

Amendment  to  Section  5,  Mining  Law  of  May  xo,  l%^l. 

AN  ACT.  TO  AMEND  AN  ACT  ENTITLED  «'AN  ACT  TO  PUOMOTK  TIIH 
DEVELOPMENT  OF  THE  MINING  RESOURCES  OF  THE  UNITKD 
STATES. 

Be  it  enacted  by  the  Senate  and  House  of  Repreeentativee  of  the  Uniteti  Statee  in 
Congress  assembled,  That  the  provisions  of  the  fifth  section  of  the  Act  entitled 
*^  An  Act  to  promote  the  development  of  the  mining  resources  of  the  United 
States,"  passed  May  tenth,  eighteen  hundred  and  seventy-two,  which  requires 
expenditures  of  labor  and  improvements  on  claims  located  prior  to  the  passage 
of  said  Act,  are  hereby  so  amended  that  the  time  for  the  first  annual  expendi- 
ture on  claims  located  prior  to  the  passage  of  said  Act  shall  be  extended  to  the 
tenth  day  of  June,  eighteen  hundred  and  seventy-four. 

Approved,  March  1,  1873. 

Department  of  State,  Washington,  March  7,  1873. 

(A  true  copy.)  R.  S;  Chiw,  Chief  Clerk. 
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The    following  Tables    are  taken   from    Scnbner's 
Mechanics'    Companion. 


TABLE  OF  SPECIFIC  GRAVITIES, 


^lrld»  tbL'  IfpeciAcOratiij  bj  in,  AOd  tho  qnotluuC  Li  the    hiwiBc   Weifht  of  *  W  't*  af  m    Vi\  uf 
vcJgbt  of  w.  cuiitc  fi^t  tu  Iba.  QfMVlt|.  cub,  foai  la  cabJoJo   cs^liJi. 


AntfrnonXf.*.. ...,..,.,«..,*«  . 

Arsenic, ,.«^..«.^»«...«. ..^^-^ 

Bismuth, **.....«  ,,.„*., 

Bnisg ,  coBiraotit...-*  > ..  --*  >  .,„*.*„*, 

BrouzBt  gun  ctiaiftl^.....* .,.♦  ,. 

Copper^  i?&st^....»..  ..,. ...,.- 

wire  drawn  .,,.,*... , ... 

Goldj  pure,  cftSt^.... —  * ,... 

hiimniertd*.. ..*.,..-*. 

22  CAraU  Ene, 

2D  caraU  Que,,,...*,.****,*.,., 

bAri^.....,. «...  ..... 

Lend,  cftstj *♦..*.»..  ...♦»....  «,*..«..,,,„ 

Mercury,  32*^ ».»....« 

eo^*,....,., 

FlatinaiDf  rolled^.. ...-...«.. ,«.... 

Siher,  pure,  i^ftstj ............<., 

hHmmtredj  ,...., 

StedjSioa,...., 

temp'd  lind  hardeaedt..**  *» 

Tin^  Coroish, 

Zmc,ca«t|.... ....... 

atONlfl   AND   UIBTBB. 

AIabafil«r,  while,.. 

yellow......... 

Amber^ *...*.-  ..,*..  ,...„,.*„ 

AsbestoSi  stAiry..,. 

Brick ....  .* 

Chalk,....,.. .., 

Charcoal, f...-.«..^-.^....    .    ........... 

triiurated^ 

€l«Jt-.^... 

oommQD  ml,..»..........^,.......H 

Cqai^  bitumitiDUE,.,................^... 

NewcaPllei ... , 

Scotch,. 

Maryland,. ..,..>.*., .„,.., 

Anthracite^....,,.*.-.,.........,, 

BiEimond, ........  ,...,,...  .*,.,..„.,„., 

EarlLi,  [aose, 

Emery...... *  ........ .,< 

Flint,   black, 

white....... 

Granite,  a^otch, ,,. 

Susquehanna^ ... 

Quiacy,  .....,.*..„  „„.. ..,,,. 

Paiap«€Of *.. 

Lockpon,..*.. .....«....»,.  .. 


l»BS. 

Oi. 

IML 

6,tl3 

419.50 

3.883 

.2U 

5.763 

360.19 

3.336 

.VA 

%%2'S 

6H.00 

5.684 

.35$ 

T.W20 

489, 

4.526 

,'m 

8.700 

543.75 

6,034 

..^is 

8.768 

549,26 

6,085 

.an 

8.87S 

543.90 

5.137 

J2a 

]9.26fl 

]203.$0 

11.145 

.6»T 

19.361 

nio.io 

11.204 

Am 

17.486 

1093. 

10.118 

.633 

15.709 

982. 

9.0i)l 

.568 

7.207 

420.44 

4.170 

.tm 

7.788 

;     4se.8i 

4.50? 

.2fll 

11.353 

709.60 

e.56S 

.4»0 

13.598 

849.87 

t-B^ 

An 

13.580 

848,75 

7.8d8 

An 

32.069 

1379.31 

12.771 

.T9S 

20,337 

1271.1 

11,769 

'za 

10.174 

664.63 

6.061 

3n 

10.6!1 

1      657.0 

6,082 

.381 

7.833 

489.56 

4..^33 

.283 

7.818 

488,03 

4,524 

.2t3 

7.301 

455.62 

4.319 

.26S 

6.861 

428.81 

4.970 

.348 

2.730 

170.62 

1.680 

.099 

2.699 

167.44 

1,562 

.098 

1.078 

6T.37 

.623 

,033 

3.073: 

102.06 

1.776 

.111 

i.9oa 

118.75; 

1.09S 

.m$ 

2,784 

174. 

1.611 

Am 

.441 

27.56 

,025; 

.OH 

1.380 

86.25 

.798 

,050 

1.930 

120.62 

l'U6 

.OttI 

1.984 

124. 

L148 

.071 

1.270 

79.3lf 

.735 

.04* 

1.270 

79.37 

.735 

.04« 

1.300 

81.25 

.752 

,041 

1.355 

84.69 

.784 

.049 

1.436 

89.76 

.831 

.053 

1.640 

1 02  50 

.949 

.059 

3.551 

220.06 

3,037 

.121 

1,500 

93.75 

.868, 

.0^4 

4.000 

230. 

2,314 

.144 

2.582 

161.37 

1.494 

2.594 

103.12 

1.501 

'OM 

2.G25 

164,06 

1.519 

«'M| 

2.704 

169. 

1.565 

*oH 

3,G52 

165.76 

1.534;   ,«M 

2,640 

165. 

1.537  JSm 

2.655 

166. 

1.56fl 

jttk 

I 
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TABLE  OP  SPECIFIC  GRAVITIES. 


Difide  the  epcdfic  Gravity  by  Ifl,  and  the  quuticiit  is  the   Specific    Weight  of  a  W*t  of  a  W't  of 
Wight  of  a  cubic  foot  in  1U». Gravity,  cnb.  fiwt  in  cab.  in.in  Gnb.ln. 


Grindstone, 

Gypsum,  opaque, 

Hone,  white,  razor, 

Limestone,  green 

white, , 

Lime,  compact, 

foliated, 

Lime,  quick, 

Manganese 

Marble,  African, 

Egyptian,    .... 

Parian, 

common, 

French, 

while  Italian, 

Rutland,  Vermont,. 

Castleton, 

Stockbridg^, 

Mica, 

Millstone, 

Porcelain,  China , 

Pumice  Stone, 

Paving  Stone, 

Porphyry,  red, 

Rotten  Stone, 

Sand 

Shale, 

Slate, 

Stone,  Bristol, 

common, 


.143 
168 
876 
180 
156 
.720 
837 
.804 
000 
.708 
.668 
.838 
086 
649 
.708 
708 
073 
669! 
800' 
484: 
385 
915 
416 
765 
981 
800 
600 
672 
510 
520 


LBS. 

133.93 

135.50 

179.75 

198.75 

197.25 

170.0 

177.4 

50.43 
437.50 
169.25 
166.75 
177.37 
166.75 
165.56 
16925 
169.30 
167. 
166.86 
175. 
155.25 
149. 

57.18 
151. 
172.81 
123.81 
112.50 
162.50 
167. 
156.87 
157.50 


oz. 

1.240 
1.254 
1.664 
1.840 
1.826 
1.574 
1.642 

.465 
4.051 
1.567 
1.544 
1.642 
1.554 
1.533 
1.567 
1.567 
1.546 
1.545 
1.620 
1.431 
1.322 

.530 
1.398 
1.600 
1.146 
1.041 
1.504 
1.546 
1.452 
1.458 


LBS. 

.077 
.077 
.104 
.l\5 
.114 
.098 
.102 
.029 
.252 
.098 
.097 
.103 
.097 
.096 
.098 
.098 
.097 
.097 
.100 
.090 
.086 
.033 
.088 
.099 
.071 
.065 
.095 
.097 
.091 
091 


MELTING   POINTS   OF   SOLIDS. 
Platinum^  palladium^  rhodium^  lime,  silfXy  fine  porcelain ^  can  be  melted  in  small 
quantities  by  stiong  lenses,  or  the  hydro-oxygen  blowpipe.        ♦       ♦       Planter 
of  Parii,  common  pottery  ^  at  150°  to  180®  of  Wedgewood's  pyrometer;  pay  20,000** 
to  24,000°  Fahr.     Iron,  red  hot  (in  day  light),    1207°  Fahr.=l°  Wedgewood. 


Fahr. 

♦Gold 5,237° 

♦Silver 4,717° 

♦Copper 4,587° 

Brass 3,809° 

Flint  glass ^2,377° 

Antimony 809° 

Cast  iron 2780° 

Zinc 680° 

Lead 612° 

Bismuth 506° 

Tin 442° 

'Lead  2,  Tin  1  (common  solder) 475° 

Lead  1,  Tin  1 393° 

Lead  1,  Tin  2  (soft  solder) 360° 

Lead  1,  Tin  1,  Bi.smuth  1 272° 

Lead  2,  Tin  3,  Bismuth  5 212° 


Wedgewood. 
=  30° 
=  28° 
=  27° 
=  21° 
=    10» 


Experiments 
of  committee 
of  the  Frank- 
lin  Institute. 


*  The  anthoritiea  ezpu«a  absurd  variation^  for  the  high  temperatnres  of  fanion,  of  the  following 
meUlH:  where  Ri>Id  is  by  some  placed  at  219*42°,  copper  at  2060^,  and  nilver  at  flrom  1000^  upwards; 
bvt  It  may  be  practically  Btatefl  that  gold  melts  at  almott  white  heat^  copper  at  ttrong  red^  and 
•ilver  at  a  fullrtd;  whilst  pure  wrought  iron  requires  the  strongest  heat  of  the  wind  ftarnace. 
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TABLE  OP  THE  COHESIVE  FORCE  OP  METALS,  ETC. 
Weight  or  Force  necettary  to  tear  asunder  1  Square  inehy  in  Avoirdupoit  Potmh. 


METALS. 


Copper,  cast, 22.500 

wire, 61.200 

Gold,  cast, 20.450 

wire, 30.888 

Iron,  cast;  grey,  2  fusion, 30.680 

BnRlisb, 62.000 

French, 70.000 

French,  soft, 63.600 

German, 68.300 

Iron,  wrought, ^ 60.000 

Swedish, 72.000 

English, 56.872 

German, 69.000 

T             .  f    85.700 

I«>n,  wire, |^j3  ' 


Iron,  medium  bar, ^ 60.000 

inferior  bar, 30.000 

Lead,  cast, ^..       JM 

milled, 3.310 

Platinum,  wire, 63.000 

Silver,  caat, 41.000 

wire, 38.257 

Steel,  soft, 120.000 

fine, 136.000 

razor,  tempered, ^160.000 

Tin,  cast  block, 6.000 

Zinc,  cast, 2.600 

sheet, 16.000 


Strength  of  AUoye  when  pulled  in  the  direction  of  their  Length, 


PARTS. 


PARTS. 


LBS.      PARTS. 


LBS. 


Copper  1,.. 
Tin 


Golds, 
Brass, 

Copper  10,  Tin   1 

8,  1 

4,  1 

Bronze  (gun  metal),.. 


50.000  Silver 
46.000 


32.000 
36.000 
35.000 
30.000 


Tin 


6, 

4, 
10, 
10, 
10, 


Copper  1,.... 

Tin  1, 

Antimony  1, 

Zinc  1, 

Lead  1, 


48,000 
41.000 
11.000 
12.914 
6.800 


LBS. 


Ash,  white,  seasoned., 

red, seasoned 

Birch, 

Bay, 

Beech, 

Box, 

Cedar, 

Chestnut,  sweet 

Cypress, 

Deal,  Christiana 

Elm, 

Fir,   strongest 

American, 

Lance  wood, 

Lignum  vitap, 

Locust, 


1 4.000 1  Mahogany, 

17.800|  Spanish 

15.000  Maple, , 

14  500  Oak,  American,  white. 

11.500  English, 

20.000  seasoned,  

11.400  Pine,  pitch 

10.500  Norway, 

G.OOO  Poplar 

12.400  Quince , 

13*400  Sycamore 

12.000  Teak,  Java 

8.800  Walnut, 

24.000  Willow, 

11.800  Yew 

20.500 


21.800 
12,000 
10,500 
11.500 
10.000 
13.600 
12.000 
13.000 
7.000 
6,000 
13.000 
14.000 
17.800 
13.000 
8.000 


MISCELLANEOUS    SUBSTANCKS. 


Brick, 290i Mortar,  20 years,... 

Glass  plate 9.40o!siate, 

Hemp  fibres  glued  together 92.000  Stone,  fine  grain,., 

Ivory, IC.OOO  Whalebone 

Marble 9.000 


52 

12.000 

.200 

7.600 
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low  the  loss  of  silver,  under  water  treatment,  can  be 
frkvented;   a^v   naturally  poor   ores,   be  made  to 

REALIZE    profits,    BY    HAND    ASSORTMENT,    DRY   CRUSHING, 
SIEVE    SEPARATION,    AND    CONCENTRATION, 

Tbc  render  has  been  alreftdy  cftultoned,  at  pijpc  534,  against  the  nse  of  turplua 
valtr  wbt'D  crumbing  the  ioft  and  vfry  friable  tilvtr  orfg  ;  and  also  at  pages  472, 
^od  476j  for  mode*  of  trefttmcnt  of  certain  base  minerali ;  -where  drt/ cnahinff 
ui  WHcmttatiom  are   imperatively  efsentiaL     Beinp  Ftill  more  than  ever  con- 
need,  that  such  means  may  often  be  advarita(^eon?ly  employed,  for  the  benefi- 
cial treatment  of  silver  ores,  more  eppccitlly  where  water  c&noot  be  obtained, 
,       I  now  call  your  attentien  to  tbe  following  Beveral  dry  metbode, 

^■^  1*  *'  Hand  conrentration,"  or  separation  of  the  coarse  ore  from  the  gani^ne 
^Bby  the  fingers,  iatc}  different  beap»,  as  deBcribed  at  page  472.  This  has  been 
^B||enera1ty  practiced  for  improving  the  quality  of  the  base  iDineralfl,  bnl  it  ta 
^pieldom  beneficial  for  silver,  which  is  more  sparsely  dlisetninated  in  the  rock. 

2.     For  silver  ores,  where  the  rich  mineral  ib  always  very  soft,  and  therefore 

broken  to  an  impalpable  powder  much  sooner  than  its  hard  worthless  mutrix^ 

^on  will  be  generally  enabled  to   realize   great  bpnefit  by  first  crutkinff  tht  dry 

rt  in  the  romish  rolls  (page  4G0)  to  about  the  maximum  size  of  barley  coma, 

ind  thru  amalgamating  otdy  thr  rent  Jin*  mort '^ineralued  portion  which  pasta 

Ythrotiffh  th^  ^eivf^  instead  of  the  whole  amount. 

JSv  Mf#  fimpU  but  efffctive  operation^  you  may  teeure  nearly  all  the  ralue  m  very 
nuch  Um  wnghf,  and  Ay  ih\f9  excluding  much  vorfhlcM  rath,  realise  profit*  from 
ffint  that  fcfiuld  he  totally  fcorthfufn,  when  worked  in  the  npual  manner.  The  atzo 
the  rock  should  be  cruiihed  will  vary  in  different  ores,  but  it  may  be  rt^adily 
certained  by  pnhminary  oMay*  from  the  siflings  of  corrttpondingly  iiied  band 
gerea. 

S*     By  drj'  crushing,  and  properly  regulated  blast,  which  propeb  the  debris 
forward  from  the  battery,  to  deposit  according  to  size  and  specific  gravity,  into 
I  or  lent  distant^  settling  chambers. 

4*     By  treating  the  dry  finely  pulverUed  ores,  in  pnmmaHc  jigging  machinci 
rofsimilnr  conRtryctlon  to  those  worked  by  intermittent  oseillations  of  water,  as 
I  moved  by  a  plunger  pump,  so  as  lo  be  enabled  to  scraps  the  lighter  refuse  of 
gacgue  away  from  the  surface. 

d.      E  ROM's    PATENT    DRY     CONCENTRATOR. 

This    ingeniously  contrived    and   very    |>oriable  cnntinuouit    adf  ditchar^ff 
jigging  nmrhine,  appears  to   be  better  adapted  for  dry  eoricentration,  than  any 
other.     I  have  fieen  it  separate  hard  ffranular  bme  minernh^  from  its  associated 
quartz,  in  a  very  admirable,   speedy,   and  effectual  manner;  and  there    can  b« 
no  reason  why  it  will  not  conLeutrate  ores  when  in  still  finer  division,  provided 
that  the  intermittent  blast  is  (empertd  for  particular  oeaitumK^  and  catch  chamhtrt 
are  pliu  I'd  at  suitable  distances  for  the  retention  of  the  rich  impa^nibh  dwtt^ 
which  in  many  canes,  will  oiherwuse,  be  blown  through  the  jigger  and  escape. 
Tnc  inventor  has  folly  provided  for  the  several  contingencies,  of  speed  of  sup- 
ply of  the  ores  to  the  gauze    jigging  bed  ;    the  frequencj,  Ftrength,  and  quan- 
tily,  of  air  puffs  ;  the  perfect  freedom  for  the  automatic  discharge  of  the  worth- 
less gangue  ;  and  the  necessary  reslrictioo,  by  a  fiuted  roller,  of  the  fall  and 
exit  of  the  concentrated  rich  ore. 

The  whole  machine  is  but  five  feet  long,  two  feet  wide,  and  four  feethigh»    It 
weighs  about  a  half  ton,  is  screwed  together  in  convenient  pieces  f  r  -  -  *  ^ng 
on  mules,  find  the  wearing  parts  can  be  cheaply   replaced  by,  i-  \y 

naade,  similar  duplicates.     Such  a  machine  requires    about  one-t if......    ...OAt 

power;  and  may  be  easily  worked  by  a  man,  when  conccnlrating  half  a  ton  per 
hour. 


I 


I 


"The  mode  of  openiUng  tbe  tnacbine  is  as  folloWR :  Ore  15  placed  in  ^e 
receiver  (H),  and  the  ilrivhig:  p«iliey  set  in  motion^  The  trip-wbe©!  {K},  fiit" 
00  the  oppoj^ite  emi  of  the  pulley-shiift^  works  by  its  catii-?;baped  te^^tli,  &g«|iii 
the  [tver  {A)  ;  >vnd  Uj  the  alternate  action  of  this  wheel,  forciiig^  the  lever  i4 
one  direction,  nnd  of  the  8i>riiig^,  wUii^h  at  onrc  and  suddenly  carries  it  bucll 
again,  the  fan  {B)  h  made  to  swing  on  the  shaft  (I),  sending  at  each  upw9kn~ 
movement  a  quick  and  sharp  puff  of  air  through  the  ore-bed,  and  lifting  $lijir|itl| 
the  ore  lying  on  lU  Aa  there  are  six  projectionii  upon  the  trip-whetd,  it  follow 
that  the  moderate  speed  of  70  to  80  revolutions  of  this  per  minute  will  jfive  12 
to  480  upward  movenientii  of  the  fan,  in  the  same  time,  and  consci(aeDtly  a  cor 
responding  number  of  puff*»  of  air  to  agitate  the  ore.  This  rale  is  saflicient  I 
secure  tk  steady  motion  of  the  heavy  buluuce  pulley^  nnd  yol  not  so  fa^st  »#  I 
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product-  air\  liiijfi'ji-jiiii  jmur  injirii* — ihi-  iiin«  (him-  win  kiii^^  >inufit[il^  iind  easily. 

The  ore-hfd  is  <-orapc»HecJ  of  wire-j(iiiize  tubes,  pL^cfd  aI  tli stances  froro  eiich 
|\)ther  of  one-rourtb  t*j  three-ei^rhth?  of  an  inch^  according  to  tijo  grndcs  uf  ore 
Tlo  be  roneentrated^ — the  finer  nniinring  that  the  tubes  be  set  nearer  tojtrelhi'r^ 
while  the  eoanjer  iillow  of  their  being  fartber  apitrt.  The  ore-bed^  sitiinted  in 
front  of  the  fun^  «s  pliurily  jhown  in  the  sectional  viewr,  is  fornipfj  by  these 
tubes^ — th«ir  ends  next  to  the  fan  being  open  :  iind  the  iiir  from  the  bellowsi 
entering  tbeaei  escapes  through  the  lop  nml  sUIgb  of  ibe  ttibe!<),  ligitatiug  the  ore 
that  lie^  on  them,  und  ttko  Ihut  but  ween  them  near  tbe  surface* 

Fhe  oi-e  between  the  tubes  rests  on  that  imnietlinteh'  undernciithp  in  the  pnss- 
»g«?  [C),  und  sinks  as  fust  txs  the  roller  ( R),  at  tbe  bottom,  ctteeta  its  dist-hiirgG, 
The  tnbes  being  open  on  the  lower  side,  miy  tine  ore  passing  through  the 
tueshi'S  of  the  wire-gauze  Bimply  descends  with  the  main  body  (C)^  thus  pro- 
Tenting  any  liability  of  the  tubes  to  fill  up. 

In  discharging  the  concentrated  ore  (C),  tbe  roller  (R)  is  operated  (as  men- 
tioned above)  by  nneiins  of  tbe  ratchet-wheel  (W),  and  pawl  (P);  and,  the  latter 
being  carried  by  a  crunk  on  the  trip-wheel,  it  follows  that  its  speed  is  governed 
by  the  speed  of  thi*^  wheel,  which  also  gives  motion  to  the  fan  (B).  By  this 
connection,  the/fin^  which  effeels  the  concentration,  nnd  the  rolkr^  which  dia- 
ch  urges  tbe  cuo  cent  rated  ore.  are  made  to  act  in  concert  with  eac  h  other.  The 
imporiaocc  of  this  feature  will  be  apparent  when  it  is  rerneniliertd  that  the 
amount  of  ore  concentrated  in  a  given  time  depend?i  on  the  numbi^r  of  pufTs  of 
air  supplied  per  minute;  so  that^  as  the  arningenient  here  aecunis,  tbe  motion 
of  the  discharge  roller  should  ht  controlled  and  regodated  to  correspond  witb 
tbe  speed  of  the  fan. 

To  aecomplij^h  more  satisfactorily  the  result  sought,  the  crank  which  carries 
tbe  pawl  can  al^o  be  adjosted^  by  varying  its  length,  bo  that  tbe  speed  of  the 
roller  may  bo  further  regulated,  nceording  lo  the  richnegg  of  the  ore. 
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TiTE  undersigned  purchase  at  full  rates,  Ores  csontaining 

GOLD,  SILVER,  COPPER. 

To  those  who  prefer  to  ship  Ores  on  their  own  account,  w» 
are  prepared  to  grant  liberal  advances  on  consignments  to  our 
friends. 


*«» 


316  California  Street,  San  Franoisco, 


LEAD  AND  SILVER  SHELTING  COMPANY 


Having  largely  increased  the  capacity  of  our  works,  we  are 
prepared  to  purchase 

Tj'eajd  bullion 

In  any  quantities,  and  also 

TjOuiT  a  net  i 


lilTep  Opes* 


Freight  and  ir.insjn»rtation  charges  advanced  on  ^hipmenfci 
when  dtvsired. 

No  charge  made  for  Assaying  or  Sampling. 

Returns  made  for  Bullion  in  twenty  days,  and  for  Ore  in 
thirty  days  fnjm  the  date  of  it^  tirrival. 

THOS.  H.  SELBT  &  CO.,  Proprietors. 

Office— lia  and  ttH  Cailfornia  atr^ei^  Smn  Frametmrn, 


1 1 


H.  a.  S^flTU, 


1  W.  n.  ilJusseoM. 


HANSCOM  &  CO. 

WMM  mOM  WOBMk 

S,  E.  Corner  Fremont  and  Tehama  Streets, 

SAN    FRANCISCO. 

MAWUFACTUKEBS    OF 

IRON  CA-STINQ^S 

OF    ALL    KINDS. 


RUSSELL  I ERM  M»ACMIH(}  COMP'Y 


'» 


STEEL  and  MINERS'  TOOLS, 

POWDER 


^ND 


FUSE 


204   S^NSOME   STREET, 

SAN    FRANCISCO. 
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GIANT  POWDER. 
THE  GIANT  POWQEi)  COMPANY 

Are  mmufacturing  two  grades  of  Giant  Powder. 

The  strongost  grade  is  the  best  for  hard  ground,  and  submarine 
blasting. 

There  is  no  material  so  tough  or  hard  which  is  not  easily 
blasted  by  this  Powder,  while  under  water  it  has  no  rival,  not 
requiring  witer-tight  enelomres.  A  common  wooden  box,  or 
a  paper  cartridge  even,  with  Giant  Powder,  forms  sufficient 
resistance  under  water. 

The  second  grade,  or 

mo  it  @i. 

Is  the  best  Explosive  for  m3dium  hard  rock,  limestone,  coal 
mines,  clay  and  cement  blastings,  etc.;  it  can  be  also  used  in  wet 
ground. 

Neither  grade  emits  smoke  as  black,  or  any  explosive,  mixed 
with  black  powder. 

Either  grade,  exclusively  used,  saves  fifty  per  cent,  in 
expenses. 

BANDMANN,  NIELSEN  &  CO., 

General  Agents,  210  Front  St.,  San  Francisco. 


RODaKRS,  MEYER  &  CO. 

212  Batlery  Street,     -     -     -     SAN  FRANCISCO, 

AND 

ROBERT    RODGZSRS    &    CO.^ 

Ll  VEBPOOL. 


Liberal  advances  made  on  Ores,  Furs,  Produce,  and  other 
approved  Merchandise,  shipped  to  our  Liverpool  House,  or  to  our 
friends  in  Mexico,  (^hili,  Peru,  Manila,  Australia,  and  Calcutta. 

Drafts  or  (.redits  issued  on  Mexico,  Valparaiso,  Lima,  Manila, 
Calcutta,  and  Europe. 

Particular  attention  is  drawn  to  our  large  stock  of  Grain,  Wool 
and  Ore  Bags,  as  well  as  to  Marrian's  Draught  Ale. 


MIMG,  MILLING.  M  PIPING  MACHINEY. 


CAST  IRON  GAS  AND  WATER  PIPE. 


PROCESS. 


Viie  ■•It'll title    I'lM'KM. 

Mining,    Mechanic    A^ts,   and    Inventions. 

If  jon  lire  nn  Inventor, Patnjte*, 
3tincr,  Muoufnctiircr,  MeclmntCf  nr 
II  ProgTe?siTc  Student  or  Artisan 
in  any  Industrtnl  or  Profrs&iotkAl 
fulling  in  the  Pncific  Sin  tes  fir  Ter- 
ritories, s«bstri!ie  for  t!ie  SCIEN- 
TIFIC PriESS.  It  contiiins  hinti 
mid  inrornijiittan  I'noiigh  to  rcpA/ 
the  subscrqition  price  niaoy  times 
in  a  singie  ixjonlli^  )i  coDtmliis 
sixteen  pnges  (sir.©  of  [Iar}>er*t 
lUnstrnted  Weekly),  antl  b  the  best  printed  and  most  Tiil««blc  pnper  on  the 
western  half  of  the  continent.  All  claims  of  Pntents  issued  fo  Invenlr^rs 
this  eoiLit  are  reported.     IllDstratums  of  nov  Mmhinery  and  Procef^es  for 

SAVING  PRECIOUS  METALS 

nrc  given  from  week  to  week.  Descriptions  of  new  Inventions  and  DUeoreriei 
Ihronjrboni  the  world  nre  given,  with  fresh  nnd  comrrelienslvc  r*'  "    i  of 

F^eienHfic  Prvrlopnients  iind  MtnhjTinicnl  nnd  Indiietrijil  ProgrefF,  n#it 

he  ohiaincd  fri»ni  bfjoks  or  rendily  tVnind  gathered  in  *o  eonvenii'iu  -^  .^-i.t.  t  l*e- 
where.  ♦•^uhgrrihe  now,  and  jou  will  nut  regret  tt.  Price  reduced  to  '$4  pw 
auDuiii.     Specimen  ecpien  sent  on  receipt  of  stamps  for  postage. 
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I  AMALGAMATING  PLATES. 
ARE    FURNISHED 
OF  AKY  DESIRED  SIZE, 
AXD    AT 
VERY  SHORT  TsTOTICE, 

IB  A  l^AWWOWf 

Market  Street,  under  Grand  Hotel, 


^ 


STOH^iii  9i)4rai« 


I 

f 


318  FRONT  STREET,  SAN  FRANCISCO, 

Has  nil  the  modem  ritcilhies  for  the  prompt  and  Buperior  exectittoo  of  all  varie- 
ties  of  Stencil  Platen  and  Brands. 

STENCIL  PLATKS^  when  tiaadsomdy  executed,  presetit  tbe  cheapest  and 
best  mode  of  ndvertisiug  that  can  be  adopted.  This  ia  ihe  experience  of  all 
who  have  used  tliem. 

STENCIL  PLATKS  OF  EVERY  PATTERN  cut  at  this  Bsiablishment,  in  a 
style  unequaled  by  any  other  workoieri  in  rnlifomia. 

Merchants  and  others  arc  invited  to  call  and  oxamine  specimens  in  proof  of 
the  Above  assertion. 

Orders  by  mnil,  ng  well  n,B  those  given  in  pcrsonj  promptly  executed  and  for- 
warded. Parties  Bending  orders  by  letter  are  purticulurly  rtqiiesled  to  writi 
PLAixLY,  iind  give  rns  bxact  st'ACic  thky  wran  the  lietters  to  occupy. 

By  close  upplicution  and  superior  exccntion  of  work  daring  an  expciience  of 
thirteen  yearsj  Mb.  TRUWORTHY  has  e^clt'oded  his  business  to  its  present  pro- 
portjoaF.  His  fiiciUties  for  rapid  and  tasteful  execution  of  all  work  in  his  line 
are  now  fur  superior  to  those  of  any  other  in  this  State  or  in  the  Union. 

naving  purchased  all  the  late  John  HatPa  Stencil  Tool?,  Plat'S  and  Impres* 
^ODfi,  and  everytbinfc  pertninin^  to  bis  business,  I  am  prepared  to  furnitli 
customers  with  fuc  iimikn  of  his  work, 

W^  Iq^}  Brashes,  and  Marking  Pots  for  sale. 
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Ani>  Celebrated  Brands  of 

SPORTING  POWDER. 

Lake  Superior  ami  Pacifie  Fu^c  rompany*s  ncvor  failing  Safety™ 
Fuse»  Triple  Tapi%  Double  Tape,  Single  Tape,  Hemp  and  Watrr  ™ 
Proof  and  Submarine  hrands. 

Winchester  Bepeating  Arms  Company 'js  Impnivei  VTKS. 
RY\S  RIULES,  CiUiBLNES,  MUSKETS,  and  CARTRllKiES, 
(brand  H.) 

JOHN   SKIIffKER^ 

Sole  Agent  on  Pacific  Coast. 
108  Batterr  Street,  San  Frindcoo. 


CHAS.  W.GORDON, 

EVERY  DESCRIPTION  OF 

Book  id  Job  Printing 

I^Aecutect  Sit  v<enHK»im'b%e  spates* 


MINING 

CERTIFICATES 

PAY  ROLLS, 

REPOBTB,  Etc. 


DESIGNING, 

LITHOGRAPHING 

AND 
An.-NOEO  TO, 


326  Sansome  Street,  corner  of  Sacramento, 

SAisr  FEAisrcisco. 


AGENTS    FOR    THOS 


Slear,,  SpriUE^  GeraaB,  Plow,  Blister^  Toe-Calt  Steel,  and  Flies. 

Muniitii-tiirers  uf  MINKKS  URILL  Jl  VMMI-iLS  ANU  SrJ':iH;r.>\  8TOXf5 
8LEDfSKS.  FAlVr  FACE  HAMMERS,  DR]LL  .SPUOXS,  rHUl  K^5  PATKNT 
TAMPIXC;  HARS,  MILL  PICKS,  SLKPGKS,  flVMMKK.S  PICKS.  STONE 
C;i  TTERSS  BLAC:<SM[TH'S  und  HtUlSS-SUOKHS'  TOOLS. 

13  and  15  Fremont  Street, 

Near  Markeli      ;      Sun  Franelsca. 


Latest  Improved  Patent  Self^Discharging 

lulphui*ets    Goncentratori 

.'*'.*   FrrtHont  Strrt't,  Snu   Fra%trinro, 

Tbose  in  want  of  f'onct'nlraluri'  wc»yh1  «in  well  to 
visit  stimc  of  »lie  rpinpl/  mills  that  have  tlcndy'ii  Put- 
i?nl  Coiicenlniror  in  uae*  anri  ftnlisjfv  ilienisflvej  before 
purclmsinjf  otluT  (*nn*'enlTn(ors  of   |irrU'ndt'ii   merit. 

THKV  AttB   WaUICANTKI*  TO  WkMlK  SATl^rAeTultlLY* 

The  iirineiple  ii|Mm  wlii«  li  IIENDV  S  PATKXT  CON- 
CJ^FTUATOH  ig  t'onslriu'tcil  U  IJii?  only  Irti*'  tint!  rnp- 
fhnnkftl  \nw  for  [lie  purpose  of  concentniUoiu 

€KXTIt  I  Ft  a  A  L  FO  R  €E  A  y  />  fi  UA  I  IT  A  TIOST, 

combined  us  Uiey  uro  In  tin??  Miulnnc,  iannot  VAfh  TO 
Ai'eoMf'Lmii  the  f^hjeet  sonjilit. 

Miiny  eertifieatcs  from  piu|irielor:«  of  milb,who  have 
this  Conceiilrutor  In  nsp,  emii  be  hrtil,  if  rvn\niTedf 
giving  (lie  timsi  Hinierlnpr  ncconnts  of  it«  efRcicney. 

A  nmsl  snbstnntiAl  evidence  of  its  worttk  la  thtit  the 
pmprielop  ii*  ^eeeiviT^^''  repriited  OT«lers  frofii  those  who 
are  iisin^  them,  untt  who  hnve  rested  iheir  merit*. 

The  proprietor  ln\8  reeentlv  still  further  impnived  th(< 
marhine.  rinikinib;  it  stronfu^er  nnil  fillll  iitore  ritiruble. 

liSf'fhe  Empire  Mill,  nt  Grnss  Vnlley,  iifier  using 
them  nbotit  three  yenr^Ls  beipg:  destroyed  by  lire,  tJieiie 
Mnehines  were  re-su|»plied. 

Also,  Hendv'i^  Iniprovcd  Steam-eotfin©  QoTcraor, 


THE    PACIFIC 

PEeumaiie  Cras  Company 


Is    PUEPAUKD  TO   EKB(n* 


(The  Rand,  Loveless  and  other  Patents  consolidated,) 

ON  MOST  FAVORABLE  TERMS, 


tiiriTAntE  Fow 


OfBc 


Mioe«,  Quartz  Mill?,  SrotUing  Works,  Iluifilinjf  Work*,  Saw  Mills.  iMitl  Of 

■  alfio,  for  FubUe  liL^tUiitionj^,  Co»*tity  Buillinps,  Court  Elonseg,  I!os- 

■  piluls*  .^«jli»Tns.  Tliotitres,   Uaiikiiip  Houses*  Rtnlroad 
Dcjio!9,^N  otikn  MiJl^  Aliiniiractorica,  Churches, 

CoJleges.   Srhoob,   IIotcU»   Stores^ 
i\»<l  Trivaie  Residences. 


I  IfO.MLSTK-,) 

Five  lo  tt-n  liKhts .         .  $200 

Tni  io  twenty  lights,        •,.-,,-  350 

Thirty  lights^                  .          .          .          ,          ^         -         -         .  450 

Fifty 'lights     ...         -         -         -         ^         -         -  6f>0 

One  hundreil  Hghta,     •-----.-  1,000 
Estiinnles  for  extra  works >  lor  nil  nighl  usp,  and  other  $Ue»|  furuishcsd  00 
appHciitioo. 

THK  rAriFlf'  l^NKUMATH?  UaS  COMPANY  liii«  had  w-orks  in  ^Qcctflifiii 
operntion  for  th*?  [xi^t  yeur,  in  nenrly  every  county  of  the  Stcvt**  of  CVlifommt 
jinil  in  NcViulii,  and  mme  ul  \i^  wurki^  hiive  hecn  running  lor  u  much  looger 
periotlj  uiihoni  uny  repMirj*  or  uUcntioii  from  the  Manuftictiirers^ 

For  the  economy  of  the  lljfht,  it  refers  lo  its  numerous  customerg ;  Ibr  Ui« 
securiry  nf  the  npiutrntng^  to  the  insurance  Compiioiefl:  nnd  for  ihc  bHIliancir 
nnd  II  rciij^rh  of  its  ilhiiTJinating  jinwcrHj  to  the  visitors  of  the  Mechsiiks*  (S.  f»^ 
and  .^tate  Fttira  of  1871. 

THE  PArfFin  PNTiiniATh"  CA.S  COIIPANY  is  iibn  prrpjired  to  Ii|s:ht  Citiw 
und  Towus,  whethf^r  hirgc  or  sniiill,  with  Uns  of  superior  cjuality,  nud  refert  ti» 
its  Pneiinrrttk  Works  in  Sunlu  Thiia,  Gilroy^  WooifUlld,  and  the  railed  SifitCft.  ^ 
Kavj  Yard  at  Miire  K-hud.  atKl  flsewhcre 

The  hoisting  woTk:s  und  offices  of  the  C'Jiollnr-Potosi  Mining:  Company,  Vif" 
giniaCily;  the  (Jrown  Point  Mining  <"om|jnny'*  mill ;  the  llhode  Ulrtnd,  Gold 
IltU  :  th«  hoisting;  work,^^  reduction  millt  '^iid  offices  of  the  Eureka  Gold  Mining 
Com[>,'uiy,  (\m9^  Valley  ;  the  hoisting  workis.  mill, and  ofltces  of  the  Ea>t  KurcVti 
Gold  Mining  t'ompuny,  ncnr  Grains  Valley  ;  the  redaction  works  of  E.  II.  M. 
Gower,  Esc],^  Japtm,  and  others;  the  resitJ^nvess  of  the  sevenil  i>npertiitfQdent« 
of  the  iibove  and  other  eonipanic-*,  are  lighted  by  the  above  Works,  or  by  srptft- 
rale  Donicsitic  apparatus. 

Copies  of  Testimoiiinls,  nnd  further  piir»icul»rB,  00  a]»plicAlion  lo  J,  W. 
STOW,  President,  or  A.  !».  HELL,  Secretary,  omce,  'Mi  Pine  Street,  Su 
Francifeco,  PuciBc  licink  Iiuildin^^ 

On  the  opposite  pngtr  i*^  n  plate  represJcnting  our  Works,  ns  used  for  ligtitiiir 
rcfidenccs:  A,  Air-puniji;  B^  Governor;  C,  Carburetter;  D,  Condenser;  K, 
Wftier-chnmber ;  F,  Air-i»ipe;  O,  G«s-pipe;  H,  Gisol.Qc  Reservoir :  1,  G<Lsolinc 
~^         Ky  Carburetter  Feed-pipe;  L,  Raiser  Pipe. 


ESTABLISH  Er>    IN    1852. 


512  and  514  Wasldtigton  St.,    -     -     -    SAN  FRANCISCO, 

I  in  porters  and  Dcalera  ia 

ASSAYERS'    MATERIALS, 

Glassware,  Acids,  and  Chemicals, 

DRUGOISTS*  GLASSWAUB  AND  SUNDRIES. 
PtlOTO  GRAPHIC     GOUDSi 

Agcvfs  for  L.    Oertlixg's   {Lojidof})    Oalebrated  Assat/  md 
Chemical  Balances;  Beckbr  &  Son's  Assa)/^   Chem- 
ical, and  Palp  S^'alcs  ;  Henry  Tixoemner's 
{PhiLuUiphia)   Dallion  Balances 
for  Sihcr  Ballion, 


U  thit  brineb  of  busincsa  under  the  head  of  "  ASS  VYEtlS*  M  VTEHT  XLST' 
we  hftvc  titkeii  p,^cciiil  c«re  lo  import  such  ftrtkles  at  the  Atining  Iutrn!t  writ 
of  tho  Bocky  .Mormtjiin?  dcmanda.  Our  long  experience  in  farniihlug  United 
StAtes  TTrani-h  Mint,  A^sny  Otfices^  Mills,  nn>l  Prospeclora,  pire*  us  sivprrtor 
admnt^^cs.  Wo  nUmyi  keep  n  Lirg^e  sloi^k  of  the  m  jst  pr  ictient  ariiclc*,  Hieb 
aalRON  ftni  Cr.AY  FPRNAOES  for  MELTIVG  and  f  UPBM/rKG  ;  MUKPLES, 
'0NC3.  IMEVCfr  ASSAY  CiirjcmLES,  SVXD  nRtTl^mi.ES,  AVNKAUXO 
CUP.S,  crjPML  MUUr.DS,  assay  moulds,  1V(J(IT  MOL'LDi,  UOA.STKVO 
DISHES,  SCORlFfERS,  MORTARS  nnd  PE.STLES,  GLAS^  nni  IRO^I 
RETORTS  J  a  fall  assortment  of  ASSAYERS^  TOOLS  rtod  OLASSWaRB, 
ACIDS  in  13  >TT  .E^  and  CARBOYS;  C.  P.  and  Comraipn-ial  Ur-CARR  SODA, 
[BORAX,  LlTILVllCIE,  DONE  AStlES  ASSAY  LEAD,  CYANIDE  POrAS^im, 
SULPHATE  OF  COi*PRri,  QUICKS rLYBR,  80D10M,  and  aU  Cheiak*li 
required  by  Assnyers  ond  MHls. 


Di:ran''8  Black  ijcad  Crucibles 

Gfre  the  holt  sniisfaction  of  any  Plumljiigo  Cni'jitdo  nii'lf  ;  u^ed  »^  j^ 

i  ftl1t1i&  Fnitcd  StiUcs  Mints,  French  Mint^  Muxitaii  Mintj  San  Fraiir)  ,  mg 

•ndH^iiiilu;:  Works,  Selby  Lt?nd  and  Smeltinw  Works.  nn41  (he-primipAi  A#ift| 
Offices  and  Mining  Coropanies  on  the  Pacific  Coast. 


*  All  ordof^  dotca^ted  to  us  will  have  prompt  and  careful  ntteatfou. 


MAKtNG  A  DOLUR 


T 


On  llip  Conner  **{  Clitf^tiiul  arul  Jiiiupcr 
Streets,  ia  FtiiU'ktpliifi,  is  a  S4|ijare|  ugly 

MItutdiiig,  with  n  l»eii  or  two  of  ixmI  ger^u  i 
'ium»  in  fniot,  unU  u  United  Stittt^s  tla^  A^-^ 
iug orerlieniK    Id  the*  cc*ot#'r  i»r  linn  IjuiI*!- 
\ixgr   \n  KU  Open  courtyurd^  ntf*  pilcil    ujl^ 
rratcR  tot^rrU    with  »ti>ut  wli'i*   iii»t»  Hini 
hfftiimkHl  hj  meu  uiider  ariHJu 
'"     ^'   crates  contftiu  pftrliiinj   re  flu  pi! 
'.  p.  from  (.'olormh),  litjtJ  th**  viilur  *<f 
I,  ...  1  *  1  ntifi  i 

^  >0  puiUKh  <»f  ftilrcT 

'V  .J  .;..,,  uiiil  come  out  nf  llu* 

i[igroom  in  glittering  inf^ui*- 

|ii«  iirr-  1i<»l(j  wttcU  ill  turn  tni. 
kdcr  the  ^  ne,  wUicI^  is  lihi'uvv 

jltAclAhu  I'llgi!  thnlatnonthfi^ 

'-^  theeijiifi  fit  tiRMiieiilal  i»ii5<  iw  t*mi\y 
W  i*  ;t  Wt^re  puriug  nn  apple. 
t«j  then  have  the  »htipc  nn«i  n 
iL'  apfjeatiiince  of  a  linr  i>r  i^  hi  h* 
y    iu  tl»i?  .courL'cUoQ«*r\*(  jar'*. 
next  put  Htnier  ioller«»  Iikf 
muj  tinirefied  to  the  thickuoit^  i>l  a 
f>n*tuousdo«gh  is  Ihi^n  hpntVl  iir»*l 
over  to  ti^i^nn  tic  cook  nmdt'ctl'rt* 
.  i  ...  I     .,1    .1  >  ^r-^,  who  pwillly 
'"tO   u    tfliuuif. 
u./.i  (J  by    juiolliiT 
I  lie  edges,  urn  I  tJiev 
,.^  . .  ,.,,    ,,  , — ^u,  ,..,ri|  with  ?M'id  |o  wu-ih 
tltcnit  ntiii  Iromthat  ti*  i  i        ,  mr^  lub  ««i 
iiiwdiist.    They  are  iiv^w  3ui    -iti»  hri^hi 
diiCB  of  silver,  with  min<^d  cdi^cif* 

The  presa  which  makeiji  them  into  coinn 
Si  ri  inonvtrotiSf  dumb j'n tell igent  rreaturt* 
1  it  Is  waitt'il  upon  by  a  pretty  y*>un^  ^rrl, 
who  drops  t)vc  disca  into  h  long  tube,  Irotn 
which  this  dutnb  tnonater  (who  »i*etiiH  in 
be  thiDking  of  somethiDg  greater  ibnn  lb 
work)  picks euchoneoutwitfi  itseinw  Itki^ 
tinjfcr*,  plii<  r  -  lips,  on  chic  oi 

whieh  hn  h'  nnd  iKe  ntlirr 

ati   oaglc.     1  nr    inourpi  5iiulfl  OH   it    with 
teriihle  force,  ao<l  spits  it  forth  a  ilolhvi. 

E«ch  dollar  in  weighed,  nnd  it*  too  M^hi 
(M  too  bcafy  is  rejected  and  sent  b«»rk  tn 
Ibu  roclting  furnnce. 

The  GovernmeDt  is  n  Ifirifty  mnnnbir 
tnror;  tht^  rr;r>to«»Qts  we  may  be  wune  arr 
eo  carr-  Htred  np  thiit  notbinif  i- 

b>«t.  I  ^  ^  out  of  widcli  I  III'  roin  tn 
ctit, nod  the  silver  filings  from  the  niilUn*^ 
machloef  nil  go  back  of  course  to  be  mr!t<'rl 
over.  The  floors  and  walJB  of  I  lie  ukint  tii  ^ 
covered  with  iron  gralinjf,  throu^^h  ^hirh 
Ihescrapingfi  and  precious  dust  sift.  T\irhe> 
I  aiuDimt  ia  value  to  thirty  or  forty  tfiouA»utd 
dtdlura  a  year*  At  certain  intervals  (Im» 
jcmtiog  itself  ii  melted  down  ntid  yieid'^ 
its  prey  of  precious  metals. 

—  Touth'9  Comiinrtitf^r 


rroni  l|itnrt«. 


Ntmjf,       'litT- 


♦o    iiiid    up     tboir    wHSP 


ton  per    hr*nf  of  i 

Ifnit  ft'tt'  'Mil;.,    ,  ^,,  -     ^,,^j^         ^ 

••»!  f»   flaid    to    attfpgi 
ji«r    oent.    of  mil  itk«   on 


